J^AINING PROGRAMME TO TRAIN THE 
fEACHERS IN THE HARD SPOTS IN 
TEACHING OF PHYSICS AT HIGHER 
SECONDARY STAGE FOR TEACHERS 
OF HARYANA, JAMMU & KASHMIR 


PROGRAMME COORDINATOR 


DR.S.K.PARADKAR 

READER IN PHYSICS 


2003-2004 





imiltiainA 

NCIKRT 


FROM; 3"* - 7^^ NOVEMBER, 2003 


REGIONAL INSTITUTE OF EDUCATION, 
AJMER(RAJ.)305004 
(N.C.E.R.T.) 















Preface 


With the implementation of NCF 2000, new textual materials prepared 
by NCERT for class XI and XII are in use in several states. The subject matter 
in the physics text books has been thoroughly revised and upgraded with the 
inclusion of new unit of principles of communication. Besides the experiments, 
some short activities have been included. This effort may have caused certain 
difficulties for the teachers in transacting^the content included recently and 
difficult topics/hard spots in physics at +2 stage. Information and 
communication technology (ICT) which is the convergence of 
telecommunications, television and computers has a tremendous potential to 
revolutionize classroom transaction and transform schools dramatically, It is not 
only the teaching style that could be influenced by the ICT but also learning 
style. The effective teacher today not only analyses the concept thoroughly, but 
also make use of the modern teaching aids to make understanding of the 
concepts qualitatively better. With the above philosophy in mind a five day 
training program, to train the physics teachers at +2 stage, was organized at RIE, 
Ajmer from 3'''* to November, 2003. The main objectives of the programme 
were to 

1. Provide content enrichment materials in the topics identified 
as hard spots by our resource team, 

2. Train the teachers in the use of computer multimedia 
softwares on the selected topics in physics and electronics. 

3. Enable to perform the new and difficult activities/experiments 
‘ recently included in the physics practical at +2 stage. 

Dr. S.K. Paradkar and his colleagues did a commendable job to make the 
programme a success. In my opinion its effect was felt by the participants 
deeply and they were positively benefited. 


17/2/2004 


A.B.Saxena 




Teaching of Science / Physics 

Focus of attention 


• Structure of thought, previous ideas, historical 
perspectives . 

• Psychological order of discipline as a contrast to logical 
order. 

• Alternative frameworks and their implications 

• Opportunities to test ideas. 

• During curriculum transactions: 

Encourage 

> Children participation 

> Discussion 
Verbalisation of ideas 

> Implications of the 
existing ideas. 

> Testing of ideas / 
implications 

Methodology for teaching 

a. Adopt Constructivist approach of teaching. This could have the following 
characteristics; 

> Maximise student participation. 

> Let the student state their ideas without inhibition or fear of 
evaluation. 

> Students are encouraged to discuss and debate pros and, cons, 
implications of various ideas. 

> Pure lectures are reduced to minimum. 

> Students are asked to think aloud, make hypothesis, test them 
and evaluate their ideas, 

b. Identify learning difficulties and discuss with students, provide additional 
experiences, 

c. Identify common misconceptions. Design new activities, situations that confront 
the existing ideas, 

d. Reasons for failing to solve problems need to be explored. These could be, 

i. Lack of understanding of the problem 

ii. Lack of knowledge required 

iii. Existence of alternative frameworks 

iv. Lack of procedural knowledge, 


Avoid 

> Lecture 

> Transmission of knowledge 

> Passive learning 

> Ignorance of students’ 
existing ideas 




Teaching of Kinematics 


Miijor concepts: 


A.IJ.Siixena 


•■IVlolion along a straight line 

Average vclocilv ^ — 

■ At 

Instantaneous velocity - — 

A, 


IC.ommon misconception velocitj^s] 

t 


InslanlancoHS velocity is given by the slope of displacement Time curve 

Similarly, Instantaneous acceleration = ~ 

At 



Distance traveled by a body is given by the area between velocity - time curve and time 
axis (see fig,) 


Similarly, change in velocity is represented by the area enclosed by acceleration - lime 
curve and time axis (see fig) 
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2. IVIolion ill ji pl'iiic 


toi£aikj!!o!ion^ During prujcclilc iw.ii,,,, „„|v I'orcc aciinu nn ,i , 
(downward) pvitalional force heiKc only ihc vertical conroLm r ' 

changes Homontal componciil remains irncliangcd. 


Time of (light T 

g 

Mii.xiiiuiiii liciglu 11 --'-(/_W_Q 
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KaiigeR "‘^'"20 
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I rajcciory of'projectile y = lanQ. x-C/j) ,3,r . 

C(VS \.l * 


Circular niolion [with constant speed and fixed radius] 
Centripetal force = mvVr = mw^r 
Motion in a vertical circle 
Equation of motion is: 


my? = T - mg Cose 
r 

Hence, tension T = my? + mgCosG 

r 

At the highest point, T„,i„ = my?„ - mg 

r 

t 


r 

At the highest point, 1*,= + mg 

r 
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For just completing the circle, the critical speed v,= >/r^ 

■ 

iJ. 



u A mg mg 
Sine 



= i A, + j Av + k Ay 
Addition of vectors 

a, + b, + c, +- 




Ry=Ay + By + Cy+- 

R/. “ Az + By. + Cy + —__-_ 

r=>/^+r/+r;2 
R = iRK+kRy + Ry 

Cos a = Ry/R, Cos p = Ry/R, Cosy = Ry/R 

Scalar product or dot product 

a . b = jallbl cos 6 

= axb.v + Eyby + ayby; It has no direction 
Vector Product or cross product 

axb = la|lblsin0 A 
Hence a x a = 0 


and i xj = k,jx k = i=j 

and^ = “ tx^ . Vector product has a fixed direction 

a||b| 



Some common misconceptions 

1. Constant Motion Requires a constant force 

2. If a body is not moving there is no force acting on it 

3. If a body is moving there is a force acting on it in the direction of motion. 

4. A body moves forward as long as ‘push’ is not dissipated. 

5. Acceleration is also zero when velocity is zero 

6. On the highest point of trajectory of a projectile, no force is acting. 

think why are they wrong. 

Q-l. The graph in Figure. 1 shows the 
velocity of a body plotted as a 
fiinction of time, (a) Find the 
instaneous acceleration at t = 3s, at t 
= 7s and at t = 1 Is (b) How far does 
the body go in first 9s? 











Q‘2. 


Q-3. 


lMgure.2 is a graph of acceleration of a 
body moving on the x axis. Sketch 
llic graph of its velocity as a function 

oftimcifv = oatt = 0 . 






I he reaction time (the time inteiyal between seeing a signal and application of 
brakes) ol an automobile driver is 0.7s. If the automobile can accelerate at 
■ m/s , compute the total distance, covered is coming to stop from an initial 
velocity ol .K) m/s. after a signal is observed 


Q-4 I wo stones A and B are thrown with 
equal speed from the top of a 
building. Stone A is thrown 
vertically upward and B. vertically 
downward. Which stone would reach 
to the ground with greater velocity ? 


B 


M/n1/ 


Q-5. A stone is dropped from cornice of a building, takes 0.25s to pass a window 3 m 
high window. How far is the top of the window below the cornice? 


Q-6. What is the angle of projection at which horizontal range and the maximum 
height of a projectile are equal? 


Q-7. A ball rolls off the edge of a table Im above the floor, and strikes the floor at a 
point 1.5m horizontally from the edge of the table, (a) Find the time of flight, 
(b) Find the initial velocity (c)Find the magnitude and direction of the velocity 
of the ball just before it strikes the floor. 

Q-8. Find the angle tetween the two vectors ?=3fi + 4+^andl = 3fi'+4^'-f(t( 
and value of A. B. 


Q-9. 


Two constant forces 4 and 3^^ - sf - A act 

displaced from the point 2i + 4k to the point 20 ^ + 17 
work done by the forces. 


j^n a article which is 
j = 3 k. Calculate the 


Q-10. A particle moves along the curve x = 2t^ Y = t^ - 4t and z = 3t - 5 Find its 
velocity and acceleration at t = 5s. 

Q-ll. Figure shows vectors t and'§. Which 
of the four vectors C, l5 & F 
has nearlv the same direction as 
vector R = A + B ? 



Q-12. Figure shows vectors A ^d^ In the 
diagrams draw the vector R = A - b 


\ 


/ 
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Fundamentals of Electricity 


r* We do not study “Electricity”, we study electiical science. 

r Generators don’t produce “electricity”, they produce “electrical energy” 
which is to made of individual fields resembling radio waves so that whiz 
along outside of the wires. A generator also forces the charges of the 
wires to flow. 

'r “Electricity” doesn’t flow in wires, “charges” do. 

Batteries don’t supply “electricity”, wires do. A battery is a chemically 
fueled charge pump. Like any other pump, a battery doesn’t supply the 
“Stuff’ that it pump. When the battery runs down, it is because its 
chemical fuel is exhausted, not because any charges have been lost. 

> Light bulb doesn’t consume “electricity”. Instead, the charges of the 
filament are forced to flow fairly fast, and this heats the filament because 
of a sort of “electrical fiiction”. Charges flow in, but then they flow back 
but again and some none are used up. 

r There are no different types of “electiicity”, yet the topic of electrical 
science is divided into many subtopics such as “ charges”, “currenf’, 
“unbalanced charge”, “sparks” even “voltages”. 

y Avoid saying “static electricity” and “cuiient electricity” Instead call 
them “charge imbalance” and “charge flow” or possibly “voltage” and 
“cuiient” 



What is “Electricity”? 


This question is not easy to answer because the word “electricity” has 
several different meanings. These different meaning contradicts each other, and 
contradictions confuse everyone. Even teachers, engineers, and scientists have 
hard time understanding it’s meaning obviously “ electi'icity” cannot be several 
different things at the same time. Because of the contradictory meanings, we 
can never pin down the nature of electricity. 

Below are the most common meanings of the word “electricity” which one do 
you think is right?. Think about it carefully if one of these meanings is correct, 
the other entire thing must be wrong! After all, a “Science tenn” should never 
have several conflicting definitions. Unfortunately dictionaries and 
encyclopedias contain all of these. 

■ “Electricity” means electric charge 

Examples: Charges of electricity, coulombs of electricity. 

Electricity refers to the flowing motion of the electric charges. 

Example: Current electricity. Amperes of electricity. 

■ “Electricity” means Electrical energy 

Examples: Price of electricity, kilowatt-hours of electricity, electricity 


“pectricity” refers to the amount of imhalannR between quantities of 
electrons and protons. 

Example: Static Electricity 

‘JlectricitylMsa class of phenomena involving electric charges 

SiL- Piezoelectricity, Ttiboelectricity, 

thermoelectncity, Atmospheric electricity 

Other less common definitions 

“Electricity” means “HscttcJdd” (volts of electricity) 

' atao^hXeSity*' ®l«=tti<=ity) 
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• “Electricity” is a field of Science (Basic Electiicity Advanced Electricity) 

If we wish to agree on a single correct definition of “Electricity”, which 
definition should we choose? 

“Electricity is a mysterious incomprehensible entity which is invisible and 
visible at the same time. It is both matter and energy. It is a type of low 
frequency radio waves which is made of protons. It is a mysterious force which 
looks like blue white fire and yet cannot be seen. It moves forward at the speed 
of light, yet it vibrates in the AC chord without flowing forwards. It’s totally 
weightless, yet it has a small weight. When electricity flows through the light 
bulb’s filament, it gets changed entirely into light and heat energies. Yet no 
electricity ever used up by the light bulb, and every bit of it is flows out of the 
filament and back down the other wire. 


Electricitv :- 

This word names a branch or subdivision of physics, just as other subdivisions 

Misuse alert : Sometimes the word electiicity is colloquially misused as if it 
named a physical quantity, such as “ The capacitor stores electricity ”, or 
Electricity in a resistor produces heat.” Such usage should be avoided. In all 
such cases there is a more specific or precise word available such as “The 
capacitor stores electrical energy”. The resistor is heated by the electric current 
and “The utility company like RSEB, DESU, BEST etc. charges me for the 
electrical energy I use. Instead, of electricity as physical entity. 

Current ;- The time rate at which charge passes tiirough a circuit element or 
through a fixed place in a conductor wire, I=dq/dt 

Misuse alert :- A very common mistake found in text books is to speak of “flow 
of current”, current itself is the flow of charge: what, then, could “flow of 
current” means? It is redundant, misleading or wrong. 

Whenever electric charge moves or flow that is an electric current, The word 
“electric current” are the same as the words “charge flow”. 

An Analogy:- If charge is like air then electric current is like wind, or if charge 
is like water than electric current is like “gallons per second” of water flow. 
More precisely the rate at which charges flow. 
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What is voltage? 


“Voltage” or “electric potential” is one way that we can measure an electric 
field. To produce a very high voltage, rub a balloon on your diy hand or scuff 
your shoes upon floor when the humidity is very low. 

Electric field can push or pull upon electric charges, so electric forces aie 
caused by voltages, In a battery circuit, the voltage from the batteiy causes the 
charges of the wire to flow. Voltages caused current? Some people like to say 
that voltage is a sort of “electric pressure”. 

That’s almost current (It’s correct as far as grade school is concerned, but in 
physics classes we will learn that voltage is not pressure, not exactly) 

From the physicist’s point of view, potential difference refers to the inequality 
of charges between the battery terminals. This inequality of charges results from 
chemical reactions inside the battery (The separation of positive and negative 
charges and their accumulation on opposite sides) 

Potential difference is the origin of electric current, that is, it is the origin of the 
motion of the free electrons in conductor to replace missing elections at positive 
batteiy terminal. Potential difference, resulting from electrochemical reaction 
inside the battery, has a constant value. 

Potential or potential difference? 

Potential difference depends on two pointsSpecifically, iy^t is the energy per 
unit charge involved in moving between those points. Always think of potential 
difference in terms of two points. This is ultimately a very practical matter, if 
you forget it, you were be able to hook up a voltmeter properly, or connect 
jumper cable safely to your car battery! 

Sometimes we speak of “the potential at a point P”. This is always a shorthand 
way of talking, and we must have in mind some other point what we mean is the 
potential difference going form that other point to point P, 

Typical potential differences 


Between human arms & leg due to heart’s electrical activity 
Across biological cell membrane 
Between terminals of flash light battery 
Car battery 


Imv 

80mv 

1.5V 

12V 



Across loud speaker operating at 50 watts 20V 

Electrical out - let U.S 120V 

Electrical out-let Europe, India 230V 

Between accelerating electrodes on TV picture tube 30 KV 

Between long distance electric transmission lines & ground 365KV 

Between base of thunderstorm cloud & ground 1OOM V 


Field and potential are not proportional. In particular, where one is zero, the 
other need not be zero. You can see in Fig (2) where it clearly taken works to 
set-fonn infinity to the point where E=0. Just because a mountain top is flat 
doesn’t mean it didn’t take work to climb up. Potential depends not on the field 
at a point but on the field over an entire path from infinity to tliat point. 
Similarly, the potential can be zero at points where the field is not, as evidence 
by the sleep slope of potential curve in fig. 



What is Electric Power? 

“Electric power” means “flow rate of electrical energy”. If electic energy were 
like water, then electric power would be the gallons per second. Energy is 
measured in Joules, and when energy flows, the flow is measured in Joules per 
second. What is watt? The word ‘watt’ is just another way of saying Joules per 
second. 

The important part: energy is like stuff, but power is not stuff. Power is a 
Flow Rate of energy, or a rate of use of energy. We can store electric energy, 
but electric power is something that is ever stored (Think in this way: we can 
store gallons of water, but if s impossible to store any “gallons per second” of 
water). 

What is electrical Energy? 

Each of these is a kind of electrical energy; 

X-ray, Light, Microwaves, Radio signals, Telephone signals. These five things 
are exactly the same, only their frequency is different. Power lines carry the 
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same “Stuff', but the fiequeucy is even Iowa, it is bO Hz / 50 Hz (Hz means 
cycles pa seconds). And batteries produce the same “Stuff’, direct current (d(|; 
but the frequeucy is zero. La us add them to the above list: 

' X'tay 
' Light 
' Microwaves 

■ Radio Signals 

' Telephone Signals 

■ Energy horn electric companies 

' Energy fiom batteries: ■ all primary, secondary cell, Lechlanche, Denial 
stantkd cell, Dry cell. Rechargeable cells, ac. 

Electrical enagy is also called “ Electromagnetic energy” or “electromagnetic 
vibrations”. Electrical energy is a type of wave energy - waves always moves 
very quickly (they usually move at the speed of light) when you switch on light 
bulbs, it light up instantly because the Meal energy moves so fast. 

Electrical energy is a combination of two things: 

Magnetic fields and electrostatic fields. Electrical enagy can be guided or sort 
firm one place to otha on transmission lines, it can also travels through space 
without any wires. 

There is no basic diffaent between ‘radio signals’ and ‘AC powa”, only their 

frequency is dierent 




Capacity and Capacitance .- This word is properly used in names of 
quantities wliich express tlie relative amount of same quantity with respect to 
another quantity upon which it depends. For example heat capacity is dU/dT, 
where U is the internal energy and T is the temperature. Electrical capacity, 
usually called Capacitance is another example: C = dQ/dV, where Q is the 
magnitude of charge on each capacitor plate and V is the potential difference 
between the plates. 

Capacitance : - The capacitance of a capacitor is a measured by this procedure: 
Put equal and opposite charges on its plates and then measure the potential 
diflerence between the plates. Then C = Q/V, where Q is the charge on one of 
the plates. 

Capacitors for use in circuits consist of two conductors (plates). We speak a 
capacitor as '^ charged” when it has charge Q on one plate, and -Q on the other. 
Of course the net charge of the entire object is zero; that is the charged capacitor 
hasn’t had net charge added to it, but has undergone an internal separation of 
charge. Unfortunately this process is usually called Charging the capacitor, 
which is misleading because it suggests adding charge to the capacitor. In fact, 
this process usually consists of moving charge from one plate to the otlier. The 
capacitance of a single object, say an isolated sphere, is deteraiined by 
considering the other plate to be an infinite sphere surrounding it. 

The object is given charge by moving charge fi'om the infinite sphere, when acts 
an infinite charge reservoir (ground). The potential of the object is the potential 
between the object and the infinite sphere. 

Capacitance depends only on the geometry of the capacitors physical structure 
and the dielectric constant of the material medium in which the capacitor’s 
electric field exists. The size of the capacitors capacitance is the same whatever 
die charge and potential (assuming the dielectric constant doesn’t change) 

This is ttue even if the charge on both & plates is reduced to zero, and therefore 
the capacitor potential is zero If a capacitor with charge on its plates has a 
capacitance of, say, 2 microfarad (2pfd), then its capacitance is also 2 
microfarad when the plates have no charge. The showed remind us that 
C = QW is not by itself the definition of capacitance, but merely a fonnula 
which allows us to relate the capacitance to the charge and potential when the 
capacitor places have equal and opposite charge on them. 

A common misunderstanding about electrical capacitance is to assume that 
capacitance represents the maximum amount of charge a capacitor can store. 
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That is misleading because the capacitors don t store charge (their total charge 
being zero) but their plates have equal and opposite charge. It is wrong because 
the maximum charge one may put on a capacitor plate is detennined by the 
potential at which dielectric breakdown occurs. 

We probably should avoid the phrase “Charged Capacitor” or “charging a 
capacitor” ins tead use energizing a capacitor because the process is one of 
giving the capacitor electrical potential energy by rearranging chai'ges in it. 


What is an imbalance of charge? 

Objects are matter and matter is made of a combination of positive and negative 
electric charge. When quantities of positive and negative electric charge are not 
perfectly equal, there is an imbalance of charge. An imbalance of charge is 
commoiily called “Static Electricity”, but this is misleading because there is 
nothing “Static” about it”. 

What is spark? 

A spark is a volume of air, which has been electrically converted from a gas into 
plasma, the fourth state of matter. While plasma can be created by high 
temperatures, it can also be created electrically. Sparks are made of glowing air, 
and the colour of die spark depends on the type of gases involved. Sparks in 
nitrogen / oxygen are bluish-violet, white spark in neon are red/orange. 

Sparks are conductive, and they can contain an electric current in much the 
same way that a wire can. 
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What is a Charge? 


Everybody reanalyzes that electricity has an important place in modem way of 
living, You cannot do anything without the electrical energy. Before discussing 
its effects let us first clear yourself what do you actually mean by the term 
electricity? What is electric charge?. How to define the term charge?. There are 
many misconceptions about electricity. Let us start with the term ‘charge’. What 
is electric charge?. Tliere are many ways to describe the charge. 


Charge is. 

... the stuff that flows during an electiic cument, 

... the stuff that appears on a balloon when you rub it on your 
dry hair. 

... The stuff that comes in two kinds positive and negative. 

... The plus and minus electric poles (as opposed to North and 
South magnetic poles) 

... The stuff that causes electrical forces. 

... The ‘glue’ that connects all the flux-lines of electrostatic 
fields to protons and electrons. 

... The positive and negative stuff that forms atoms 

... The stuff that is carried by electrons, protons, positrons, and 
other particles. 

... The medium that energy flows thi'ough / like sound flows 
through air) 

... The stuff that, when it wiggles fast, creates light. 

... The stuff that when it wiggles slower, creates radio waves. 

... The stuff that when it wiggles very slowly, creates energy in 
electric circuits. 

... The stuff that when it flows or spins, creates magnetism. 

... The stuff that reflects light and makes objects visible. 

... The stuff that makes metals look silvery. 

... The stuff that causes electrical attraction & holds everyday 
objects together. 

... The stuff inside of wires that is movable, almost fluid. 

... The stuff inside of non-conductors that is immobile and 
fi-ozen’ in place. 

... The stuff that measurement in units called coulomb, 

... The stuff that scientist once called “ quantity of electricity” 
and “particles of electricity” 

If we look up “electric Charge” in a dictionary., we encounter a problem. The 
definition of “charge” is circular. What is charge?. It’s the stuff that causes 
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electrical phenomena. What are electrical phenomena? Those are the things 
caused by charge! Simple, no?. There is a good reason why the definition of 
“charge” is circulai'. Like mass, length and time, electric charge is a 
“fundamental”. Many dictionaries say this “electric charge: a fundamental 
property of matter”. The word “charge is used to define other things, and 
therefore the definition of the word “charge becomes a serious problems! What 
is an electric current?. It is a flow of charge. What is electi'ic charge? It is the 
stuff that flows during an electric current!. The circular definition is hard to 
avoid because nonnal definitions are based upon deeper concepts, and when we 
finally arrive at the deepest concepts of all, we cannot “take them apart” into 
their fundamental prices. 

What is charge?. What is mass?. What is time?. This is asking what is 
‘WHAT’? or ‘what’ is Is’? Very hard to answer. Yet there is a way to do it. 
Look at the context in which we use word. 


Elecrtc charge is a component of atoms. In other words, after we have broken 
en 0 ject into molecules, and broken molecules into atoms, when we break 
atoms ^art we discover particles of electric charge. Charge is material it like 
atoms but It IS one step lower flian atoms. Most science text books tells’us that 
Mhd obje^ are made of atoms. It is also valid to state that solid objects aie 

^ve It ‘t?: “f positive and 

oSL “"raotion between 

S f'"*® “““'A®™- Chemical bonds are electrical in 

tXif Set “harp when these chatges are made to 
carrvins ^ is composed of charge - 

S St eases 

eharges moving along 

moving differently are^lSal” If S t 

motion an tlcebic St ufwotXS *“ ““ 

“charge flow”? ' ™ current” mean the same as 


S; of enlrtt, ^rr t <>f'b* 

etgy present. Charge and energy moves differently; in AC cables 
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the charges sit in one spot and slowly wiggle, while the energy flows along at 
almost the speed of light. (Charge is as different from electrical enei'gy as air is 
different from sound waves!) charge in a circuit flows slowly in a circle like a 
drive belt, while energy moves quickly from the source to load. If we calculate 
the drift velocity of electron it is equal to « 6 mm/sec wliile electrical energy 
transmitted at the speed of light? 

Charge is '‘Poles”? The charges exist in two polarities positive and the negative. 
When the positive and the negative charges of matter are sorted out and pulled 
away from each other “Static electricity” is the result. Wlien (+) is pulled away 
from (-), an invisible force field connects them and causes them to attract each 
other. This field is a similar to magnetism in many ways, but it is not 
magnetism, it is called an “Electrostatic field” or ‘e- field’. Magnetism is a 
result when these charges moves relative to each other in a conductor with some 
velocity. We can say that electric charge is the “glue” which attaches the flux 
lines of e-field to the particles of matter. 

Charges are not invisible? 

Here is a way to see charge directly; look at the surface of a wire, Metals looks 
metallic because they contain a “fluid” composed of movable electi'ons. This 
electiical fluid is an excellent reflector of metals to act like ‘reflectors of light 
waves, and it causes the surfaces of metals to act like mirrors. It is the same 
electrons which flows during an electric cunrent. The “Silvery stuff’ of a metal 
is a charge. What is charge? It is a “silver liquid” which is found in all metals, 
and which can be forced to flow. Even though the charge is visible in the form 
of metallic luster, its flow is not look carefully at wire in an operating electric 
circuit and you won’t see anything moving along. This is not mysterious stir a 
glass of water then look for the flowing motion. You’ll see moving bubbles & 
perhaps moving specks of dirt, but you won’t see the water move. The silvery 
charge fluid in a wire has no bubbles or dirt, so even though the charges visible, 
we cannot tell if it moving or still. 
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ELECTROMAClNIrmC WAVES 

Dr. Shashi Prabha 
Rlli, Ajmer 

EiccfroiJiiitriictic Induction 

When a condiiclor i.s moved ihrouyli a inajinelic field, a \ okii|j,e is 
mdiiced acioss ih^ conductor. This principle is known as cleclromagnelie 
induction and the resulting voltage is an induced voltage. 

Faradays’ l..aw ^ 

He found that moving a magnet through a coil of wire induced voltage 
across the coil and that when a complete path was provided, the induced 
voltage caused an induced current. His two obsci-vations arc slated bclow- 

i) fhe amount of voltage induced in a coil is directly proportional to 
the rate of change of the magnetic field with respect of (he coil. 

ii) The amount of voltage induced in a coil is directly proportional to 
the number of turn of wire in the coil. 

Mathematically, the induced eraf is E = - Nd^p 

.1 

whe^tjl^’ = B. A. = BA cos4^ A is area of the coil 
N is no.of turns in the coil. 

and minus sign indicates that the induced emf tends to oppose tin? flux 
c hange. ____ _ _ ' 


I 



|:0 moves sltm |y lo (lie right. magiuMic ficlil (hi A> iii.igrK'i iiu>vcs more r:ipiJI>‘ lit (Ik* nglii. imigiuHii' livlJ is 

(■'liangiog U’lili rcspci'i to coil, tiiid u vol(u}».' i>> iiuUiant. ch.iii|.Mnk' more rapidly with rvspoct lo coil, and a yuMici 

n>Usi}:( I* induced. ^ 


FIGURE \ 

A (ivttwiistratioii nf Vaniduy !y first nhservatUm: The rrmrririrf njinduced vuUofit is directly 
proportionai to the rate of change of the iiiafitietic ficid with respect lo the coil. 




(a] M:i}!nct ino\CN ihiotigh a coil .uul imliiccs a ^t>ltagc 

t . 

nCUKL ' 2 ^ 


(hi NUi'iicI ;*Auc.N •!( Mine litic ihiouph .icoil woli iinio- tnins 
lht(i|i>ti ,:rJ imiuccs ;i ptMici 
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Thus the magnetic flux through a coil can be changed by following 


way : 

1 Change the magnitude 13 of the magnetic field within the coil. 

?. ('haiigc ihc ai'ca ol ihc ccul, oi' llic portion (if lluil :ll■c:l tji;ii 

happ4ns to lie within the magnetic field (for e.\tim|)lc. by 
expanding the coil or sliding it in or out of the fieldj. 

3 Change tlie angle between the direction of the magnetic field B 
and the area of the coil A. 

Mow voltage is induced in a conductor in a magnetic neld 

When a wire is moved 'across a magnetic Held, there is a 
relative motion between tlie wire and the magnetic field. Likewise, 
when a magnetic field is moved past a stationery wire, there is also 
relative motion. In either case, this relative, motion results in an 
induced voltage (Vwu<;) in the wire, as shown by fig. 3 (a) and 3(b). 



(ill Wire moving iluwnwnrxl 



(b) Ma^inclic ndd innving ii|iwiiril 


FIGURE 3 

Relative motion bcm-ecii a wire and a maRtmic field. 


iniie conductor in figure 3(a) and 3(b) is moved first one wav 
(say downward) and then nnolher (.say upward) in tlic magnetic licUl, 

a reversal of the POLARITY of U,c induced, voltage will be observed 
as shown in fig.4(a) and 4(b). 
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When a load resistor is connected to the wire in the above figure, the voltage 
iiuliiced by ihe relative motion in the magnetic field will cause a currcnl in 
load as shown in fig^S. This cuirciiL is called the induced current. 



The action of producing a voltage and a current in a load by moving a 
conductor across the magnetic field is the basis for electrical generator. 

Lenz Law 

It states that ‘the polarity of the induced emf is such that it tends to produce 
a current with opposes tlie chaitge tliat produces it.’ To clarify it let us apply 
it in two different but equivalent way to fig.6. Where the north pole of the 
magnet is being moved towards a conducting loop. 



Fig.6. Lenz law at work. As the magnet is moved towards the loop, a cm rent 
is induced in the loop. The current produces its own magnetic iicld, with 
magnetic dipole moment is p oriented so as to oppose the motion ol ilic 
magnet. Thus the induced current is anticlockwise. 

l.Opposition to Pole movement 

The approach of the magnet’s north pole in fig.6. increases tlie magnetic flux 
in the loop and thereby induces a current in the loop.. 



T’O loop ,l™ „c,s as a .nagnotic dipole will, ,o ,„ag„e|ic di,,,,,, 

. . 

oasc ung caascd;by ihc approaching magnol, il,e loop’s 

Po c must face towards tite approadiing north polo so as to repel it 

““"'^^traightri^u hand rule for is toils 

' ““*1 "> Ihe loop must be anticlockwise. 

If wc next pull the magnet awayfrom the loop a cutrcnt will 

so fis lo oppose (he rcircfii Tittiu 

‘1"= induced current will be clockwise, 

2' Opposition to Flux change- 

‘I’fouglt L Jop' "0 flux passes 

its magnetic field-B Ztetw^r*”'' 
'-P^easesToopposed. 

■"^»‘-upr.ow JrT 

“ in fig 7fal t ! '“P 

’ “fi&M then dtertgluwardflmc of field S. „ 

’"-easing leftward • fin, 

I'andnilc then tolls us that i '“f'etl straight’right 

always opporilr”'"""^ 

‘'»“»ot always mean that 6. poi„„7""' "' 7 "“" 

r\ r\ ^ 

field |isal7fe„^j 'SV 



is slill directed to the left through the loop, but it is now decreasing. 
The lliix of Bj. must now be to the left inside the loop to oppose The 

rf 

decrease in as shoy/n in fig.7(b), Thus Biand B are now in the 

* 

same direction. Fig. 7(c) and 7(d) show the situations in which the 
south pole of the magnet approaches and retreats from the loop, 

f 

respectively. 

A.C. Generator 

Fig.8 shows how a sine wave voltage is produced by tlic basic 
a.c. generator as the loop rotates. An oscilloscope is used to display 
the voltage waveform. 

To begin, fig.8(a) shows tlie loop rotating through the first 
quarter of a revolution. It goes from an instantaneous horizontal 
position, where the induced voltage is zero to«n,instantaneous vertical 
position, where the induced Voltage is'maximum.. At the horizontal 
position the loop is instantaneously moving parallel with the flux Imes 
th^s no lines are being cut and the voltage is zero. , , ' ■ 

As the loop rotates through :the first, quarter cycle,, it cuts 
tlnough die flux lines at an increasing rate mitildt is instantaneously 
moving perpendicular to the flux lines at the vertical position and 

It 

cutting through them at a maximum rate. Thus the induced voltage 
increases jfroin zero to a peak diuing tlie quarter cycle. This part of the 
rotation produces the first quarter of the sl««- wave cycle as the 
voltage builds up from zero to its positive maximum 

When the loop completes the first half of a revolution, tlie 
voltage decreases from its positive maximum back to zero, as s.hown 
in fig.Sb 




(c) Third quarter-cycle (iiegiiivc allcmation) (d) Fourth quarter-cycle (negative allemalinn) 

FICURi: fr : 


Fig, 8 One revolution of the loop, generfttes one cycle of the sin© wsve 
voltage. 

During the second half of the revolution, illustrated in fig. 8(c) 
an'd 8(d) the loop is cutting through the magnetic field in the opposite 
direction, so the voltage produced has a polarity opposite to that 
produced during first half of the revolution. After one complete 
revolution of the loop, one full cycle of the sine wave voltage has 

been produced. As the loop continues to rotate, repetitive cycles of the 
sint-wavc arc generated. 

POWER IN AC CIRCUIT 

In a purely resistive AC circuit, all of the energy delivered by 
the source is dissipated in the form of heat by the resistance In a 
purely mductive A.C. circuit, all of die energy delivered by the source 
is stored by the inductor in its magnetic field during a portion of the, 
voltage cycle and then returned to the source during another portion of 
the cycle so that there is no not energy conversion to lieal. Similarly in 
a purely capacitative A.C. circuit, all of the energy delivered by the 
source IS stored by the capacitor in its electric Held during a portion of 












power is true power and part of il is reactive power. The iiiiil ol 
apparent power is the volt ampere. 



Fig.2 - Generalised power triangle for R.L.circLiit 


Tlie power phasor diagram in fig. 1(b) can be rearranged in the 

fonn of a riglit triangle as shown in fig. 1(c), which is called the 

power triangle. Using the rules of trignometry, ^an be expressed as 
Piruc = £''cos(hVsI(total)cog6 

Vi is applied voltage, Jtoiai is total current CosQ is called 

power factor. It can very from o for a purely reactive circuit to 1 for a 

purely resistive circuit oir at resonance in an LCR circuit. 

, * 

For the case of purely resistive circuit 6 * d* . ® ^ 1 ' 

^ so Ptrue equals VsI(totalj ^ j 

For purely capacitive or inductive circuit 0=90®, Ced ^ • | 

so Pmio is zero. In an LCR circuit power dissipated is 6 =tan''| 
Sldn effect ‘ .1 

The inductaner of any circuit through which an alteriiating 

I 

■i 

current is flowing results in induced emf opposing die applied emf \ 

, ’ I 

and hence reduces the magnitude of the cu^tWr ; 

When dealing with high frequency'currents in which the current 
is fluctuating very rapidly, the indentance of even a straight solid 
conductor, even with no neighbouring conductor must be taken into 
account. As the magnetic field due to current in such a conductor is 
within the coiidiictor as well as around it, a change in current produces 


t 



a greater change in flux across the inner core than across the outer 
layers. a\s a result, the induced cmf opposing the applied p.d is 
greater, and the clleclive resistance or impendence is higlicr at the 
centre than in the outer layer. As a 'result, current is no longer 
distributed uniformly through imy cross section but is concentrated in 
the outer layers. This is'knowti as skin effect. It indicates that only the 
outer layers of a wire, other tlian one of extremely small diameter 
provide a conducting path for a veiy high fi'eqiiency alternating 
current, 







Let us assume that initially the charge q on the capacitoi- in the 
figure 1(a) is at its maximum value Q and die cun-ent i through the 
indiietor is^zero. Tlic bpr graph for energy indicates that at this insuini 
with zero current dirougli die inductor and maximinn change on the 
capacitor, the energy of the magnetic field is zero and the energy 
Ue of the electric field is a maximum. 


Fig.l(a-h) show'4ight stages in a single cycle of oscillation of a 
lesistanceless L'C cii'cuit. The bar gi*aphs by each figure show the 
stored magnetic and electric energy, 

a) Capacitor with max change, no current 


b) Capacitor discharging, ciurent increasing 

c) Capacitor fully discharged, current max ' - / 

d) Capacitor charging but with polarityi^pp^'^^' (a), current 

decreasing ... • ' ■■ ■ ■'' ' 

\ 

o) Capacitor with maximum charge having polarity opposite.that in 
'>■} n^^ current 

Current discharging current increasing with direction opposite that in 

(b) 

f 

Capacitor fully discharged, current maximum 

Capacitor charging current decreasing. 

The capxitor now starts to discharge through the inductor^ positive 
charge earners moving anti clockwise as shown in fig. 1(b) This means 
that a current i given by dj/dt and pointing down in the inductor is 
established. As the capacitor’s charge decreases, the energy stored in the 
electric field withh. the capacitor also decreases. This energy is 
tesnsfened to the magnetic field that appears aiound the inductor because 
cl the cun-cn, i and that-is building up there. Thus, the electric Held 




dcciCtiscs and the magnetic field builds up as energy is transferred from 
the electric field to the magnetic field. 


■'iinal 



0)1 


FIGURE - 2, Eleciric anil magnclic 

energies in an LC circuit. Tlicir sum is 

constant. 


The capacitor eventually loses all its charge (llg.l c) and thus 


also loses its eleciric field and the energy stored in that field. The energy 


has then been fully transferred to the magnetic field of the inductor. The 
magnetic field is then at its maximum magnitude, and the current tlirough 
the inductor is then at its maximum value I. 

Although die charge on die capacitor is now zero, the anticlockwise 
current must continue because the inductor does not allow it to change' 
suddenly to zero. The current continue to transfer positive charge from 
the top plate to die bottom plate through the circuit, fig. 1(d). Energy now 
flows from the inductor back to the capacitor as the electric field within 
the capacitor builds up again,. The cuircnt gradually decreases during this 
energy transfer. Wlieii the energy has been traiisferi’ed completely back to 

A 

the capacitor fig. 1(e)’ -the current has decreased to zero momentarily. The 

a 

situation of fig. 1(e) is like die initial situation except that the capeitor is 
now charged oppositely. 

The capacitor then starts to discharge again, but now with a clockwise 
current fig. 1(f) Reasoning as before, we find that the clockwise cuiTcni 


iHiikis lo a iiui\iiiumi, fig 1(g) and then decreases lig. 1(h) iinlil the circiiil 
ovciUiially returns lo its initial situation fig. 1(a) 


Till. PIOKSS Uicn toprais ai sonic fnoiuaicp f n„,| ... 

.. 
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I’rodiicing electromagnetic wave 

i.. Poo., 
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.r:::: * 7 “"^ 

simple ho,mo’ ' oscillates ii, 

illustrates one wax/ t 

*««»«ipi!.fp,AC«|i “""‘“•'“■“UtP 

, ^ the 



potential difference between accelerated changes arc electrons moving 
back and forth in the antenna, driven by an alternating voltage from an 
LC circuit,^Oscillation of L.C, circuit drive alternating cuiTcnt in ihc 
antenna, while a power,source replenishes the energy carried away in 
electromagnetic waves. 
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The tenninals changes sinusoidally with time t and has a period 
T. Part (a) if fig (2) shows the instant t= o sec, when tlicre is no charge 

i 

at the ends of either wire. Since there is no charge, there is no electric 
field at the point P just to the right of the antenna As time passes. The 
top wire becomes positively charged and the bottom wire negatively 
changed. One quarter of a cycle later (t- '41' ), the chargc.s ha\c 
attained their maximum values, as part b of the llg. indicates, 'riic 
coiTcs|)oiuling electric ilcld i' at point 1' has increased to its m:i\imiiiii 




slrciigtli in llie downward direction. Part b also sliows llial llic electric 
field created at earlier times has not disappeared.but has moved to liic 

right. Only die field moving to the right is shown in the picture for ilic 
sake of clarity, 


Fig. 2 (c'-e) show the creation of electric field at point P at later 

times during the generator cycle. In each part, the field produced 

^-"•hcr m the sequence continue propagating towards (he ris-ln l.i,., 

^(cij shows the charge on the wires when tiic polarity of the generator 

has reversed, the top wire is negative and the bottom wire is positive. 

As a result, the elecfric field afP has reversed its direction and points 

upward. In part e of the sequence, a complete sine wave has been 

drawn through the tips of the electnc field veStors to emphasize that 
the field changes sinusoidally. 

Alongwith ■. tlie electric field, a raa^etic field B is also 
created, because the charges flowing m the antenm constitute an 
olectMc current, which produces a magnetic field. With the help of 
hand rule (ihumb of righi h.n„d points along the currem I fingers 
ccri in the direction of B). the magnetic field can he see,, to point into 
' 'c page. As the oscillaling current changes, the magnetic field eliaiigc 
accordingly,-The magnetic fields created at earlier thtres propagate 
outwards as a wave, jus, as the elechfo fields do. Fig.3 shows 

■nstantaneous patten, of elec.,c and magnetic field lines due to an 

oscillating dipole. Lines show clectrir j j 

. .. and dots and crosses 

indicate magnetic field. 





Fig.3-Instantaneoiis pattern of the electric and magnetic field 
lines due to an oscillating dipole. The electric fields arc shown by 
lines and magnetic field? by dots and crosses. 

Magnetic field is perpendicular to the page, whereas the electric 
(icld lies in the plane of the page, Thus the electric and magnetic 
fields created by the antenna are mutually perpendicular and remain 
so as they move outward, Moreover, both fields arc pcipeiulicular to 
the direction of travel. These pcrpcndiculai' electrical and magnetic 
fields, moving together, constitute an electromagnetic wave B is at 
maximum, wherever E is at maximum, i.e. electric and magnetic 
.. fieldsare jn phase. It has been shown in fig.4 (a) and (b). .' 






Fig. 4(a) Electric and magnetic field lines of a plane harmonic 
electromagnetic have travelling towards the right shown at one instant 
of time. The electric field is vertical and the magnetic field is 
horizoniiii. The field lines fill all of spaces, hut this diagram shows 





ELEMENTARY PARTICl ,F.S 


Prof, H, C. Jain. 

Elementary particles are such micro-particles whose internal 
structure at present can’t be presented as the combination of other 
particles. Each of them behaves like a single whole. Elementary 
particles can transform into one another. 


Elementary Particles: 


Particle 

Symbol 

Rest - 

mass 

(in 

units of 

Rest 

energy 

(MeV) 

Charge 
(in units 
of e) 

Spin (In 
|erms of 

Antiparticle 



me 





Massless 

basons 







GravitoVv. 

G 

0 

0 

0 

2 

g 

Photon 

V 

0 

0 

0 

1 

Y 








Neutrino 

V 

0 

0 

0 

Vz 

\ 

Electron 

E‘ 

1 

0.511 

-1 

Vz 


\msm 

u~ 

206,8 

105.7 

-1 

Yz 

u" 

Mesons 

(Bosons) 







Pion . 

7t" 

273.9 

BSH 

+l 

0 

tC 


7r° 

264.2 

IB 

0 

0 

7t° 

Kaon 

K: 

966.7 

494 

+l 

0 

K" 



974,6 

498 

0 

0 

K° 


EH 

1074 

549 

0 

0 


1 







Nulceons 







Proton 

P' 

1 1836.2 

938.3 

-Hi 


P* 

Neutron 

V i 1838 7, 

939 6 

0 

i 

u" 

Hyperons 







Lambda 

QIH 

2184 

1116 

'0. 

'/i 

'r 

Sigma 


2327 

1189 

-rl 


r 




























































n 

2333 

1192 



V ] 

— -- 

V- 

wmm 

1197 

-1 


r 

7> 

= 

2573 

1315 

0 

'/2 

1) 


= ' 

2585 

1321 

-1 

'A. 

_ + 



3276 

ri^4 

-1 

2»/: 

~W 


Graviton 


Elementary Particles 



(■> ^“"“ration of Momentum 

' Consen ation of .Angular Momenmm 

I'") Consenation of energy 

(''0 Conser\ation of charge 


1 








(ii) Unification partial 


Now Super-string theory 

Basic constituents are not point objects but string of length 

10 cm. Quarks, leptons and gauge bosons are different modes of such 
strings. 


Particle 

Antiparticle 

Protons 

P 

uud 

Anti-Proton 

P 

uud 

Neutrons 

N 

udd 

Anti-Neutron 

n 

udd 

Pi plus 

:t’ 

ud 

Pi-minus 

7C' 

u d 

Pi Zero 


uu-Pdd 

Anti pi zero' 

7l“ 

u u + d d 

KZero 

K'’ 

ds 

Anti k Zero 


d s 

B Zero 

B" 

db 

Anti B Zero 

8*^ 

db 


Four kinds of interactions between elementary particles are known/. 
Intensity and strength of interaction is characterized by coupling 
constant ( a dimensionless parameter). This parameter determines the 
probability of processes due to given interaction 


Kinds of interaction 

Coupling 

Constant 

Radius of 
action 

Where it acts 

Strong 

'01 

ggHI 

Amongst 

nucleons 

Electromagnetic 

nm 

Infinity 


Weak 

^nnnii 

Short range 

lO-'^'m 

Beta decay 

Gra\’itational 

1 

10-'" 

i 

1 

Infinity 

Between 
panicles and 
bodies 


j 











(v) Conservation of Leptons 
(''i) Conservation of Baryons 

Consen-ation of Isotopic Spin 

fvni) Conservation of Strangeness. 


P —► Tt + V 
y -> e“+ p- 


10 . _ / 
P- + 7C' 

r+iJ- 


f^ot possible Why ? 


^^^Sdari^IodelofPar^^ 


vsicsjbrMatfer 


Quarks 
held together inside particles 
“'“S force. They change 
'rom one variety to another via 
weak force 


Leptons 

Don’t feel the strong or but change 

from one generation to another via 
the weak force. 



Basj LProblen^ 

L'P'ons^Vlassivegac” 







Radioactive Processes, Fission & Fusion 


Prof. II. ('. .lain 


Some line Cl have a combinalion of protons aiid neutrons, which docs not lead to stable 
atn ij,uialioti icy aic unstable or radioactive, Radioactive processes include: (i) u decay 
) fi decay (including capture of electron) (iii) y radiation of nuclei (,v) Spontaneous fission of 
leavy nuc ei. (v) loton radioactivity Radioactivity under natural conditions is known as 
''='“"‘>1 and radioactivity obtained as a result of nuclear reactions is known as artificial., 


I here is no difference between natural and artificial 
radioactivity. They obey same laws, 

Law of radioactive transformation: 

N = Noe’' 

Decay constant; No. Number of nuclei at initial 
undecayed atoms at time t, activity = ^N, 



No, of nuclei decayed during time t 


= No-N = N„(l-e’'‘) 


Half Life: The time during which a half of initial number of nuclei decays and denoted by T 


T = 0.693/X 


Mean life: Average lifetime of a nucleus is equal to l/5l 

At times nuclei and further nuclei appearing as a result of successive radioactive 
transformation are also radioactive. So there is a full series, 

In nature there are three radioactive series whose parents are (Uranium series, 4ii 
+2), Th ■ ‘ (Thorium series 4n) & (actinouranium series, 4n +3) 

Final product in all three series are Pb isotopes viz, Pb’"*, Pb‘“'‘ & Pb^"^ respectively. 



Ni> No. of atoms of Parent 
N|) No. of atoms of Daughter 
N(i No, of atoms of Grand Daughter 


Law of successive radioactive transformation 


Xp 

N = H,‘’(1+ — 




Xn - ^1' 



I^iidiojicliveeqiiilibrimn: 

^*^1' ClN|, dK; 

--M) ; 

cll d( 

■ ■ ^iiNi) ■ ^i| N(i clc. 

Hiiils of radioaclivilv: 

!'• [^7« 10 "’ disililegraiioiK/sccond 
tascdondismitgraiionoflgmR^Sw) 

1") Kutherford (Rd): Amnimt ,.c i ■ 

disintegralions/second subsliince. which gives 

l"'» ^“0"«l(bq):Deayorone atom/second 

* Cl = 37 billion becquerels 

Rad: Absorbed dose of 100 ergs/om 

Gray; J/Kg (I Gy = 100 rad) 

~«t(Sv),Doae,nGray«RadiaSo„^g^,i„|,f^^^^ 

Radioactive dating! 

^=1/t 


N = Noe' 


.-Hi 


N = Noe' 


i/t 


t~'rlo&(No/N) 

Grt = Tplog,(p + D/p) 

M p ZaSr at ,i.e ? =“i 

Carbon Dating; 


14 

N + 

^ 0 6 


14 

n~>C + p 



Radioactive (5730 is half life) gives |1 emission i,e, ,N''+.,e"+v 

CO; molecute in an contain C" k aboC'- Living organisms e.g. plants & trees take 
CO; which contain t & C . Wlren organism dies, intake of C“ stops and C" starts decaying 
with ll,l..5730 years. Thus knowing relative amounts of C'“ & C", the number of years thi 
organism has been dead can be detemiincd. Amount of C" is determined by activity XN =' A 

(II) lf‘-»Pb’"'t8a 


Ajjii of mineral = 


wt, of Pb 206 


WlofU 


'' 7.5'' 10\ears 


If He is extracted 

Wt.ofHe 

Age of mineral--x 8,6 x lo''’ years 


Wt.ofU 


2.18 


Stability of nuclei 
Segre chart 


No. 

of 

^0 



Atomic number Z 

Isotopes - Identical Z, different A 
Isobars - Same A, Isotones - same n” 

Isomers - Identical Z, identical A but different half life 


M(Z.A) = ZMii + (A-Z)Mn - aiA + 

+ a^zVA'" 

Mass of nucleus 

volume energy 

surface Coulomb 


Correction 

energy correction energy 

+aj (A-2Z)‘ 

A 


correction 

i5 


Asymmetric energy pairing energy 

/+for even even nuclei 



\ 0 for even odd or odd even nuclei 

f^M 2a,i 

a4 

\ ' 

- =(MirM.)+ 

z — 

2{A-2Z)(-2) =0 

ra a” 

A 




/ 




SiLlIi-I 

A 4 a,| 




a - Decay; 

7,\'' —^ 

^ Z-2^ +2He^ 

Example: nU”' -^ *111“'+jHe^ 

P - Decay: 

(a) Emission of electrons 

-> /.MY-' + ,e"+ V 

Example:rf’^ v 

Asifn ->p' + .|e"+ v 

(b) Emission of Positrons 




aiY'S +ie‘’+v 


Example: 7N‘-’ 


+ ■10'’ +V 


(asifp' 


iV’ + e' + v) 



(c)('iiptiii'i; olaii elcciron 


lixampli:; loK'" Kic"- 


ixAr'" IV 


y K;iys I'or many mdioaclivc olomcnls, 


y radialioiis arc given just after emission of a & p.. 

- are e.ni radiations like x-rays but with much low wavelength, 

- originate from nucleus & not due to orbital electrons. 

■ are due to transition of one nucleon into another nucleon, 

- preceded by a & p and evidence to prove that they originate from daughter nucleus. 


Example xiPb’ 


Bi^'*' + .ie“+V+y 


Classically, as per the energy of the ejected a particles, it is not possible for them to 
cross the potential barrier and come out of the nuclei. However, quantum mechanical 
calculations do show that there is a definite probability for them to cross this barrier. This 
effect is interpreted in terms of‘tunnel effect’. 

Nuclear radius 



Coulomb repulsion 


Nuclear Attraction 


In case of p-decay, as per neutrino hypothesis, the emission of e and e is accompanied 
by the emission of antiiieutrino or neutrino as well. This provides an explanation for J 
particles emitted at different energies. Also it satisfies the requirement of spin. J 

Electrons cannot be part of the nucleus, though they are ejected from the nucleus, T^ 
can be explained in terms of (a) net magnetic moment (b) the energy of the released electroi 
and calculations done using Heisenberg uncertainty principle. 






E^=c^{[(Zmp+(A.Z)m„]-m„„} 


Eb 

A 


Binding energy 


Nucleon 


Eb 



Mass defect 



Bindingencrsv — Iti?it 

fi«"> one IX Mirn« vfrir 'T? 

“"'“Virtually excluding their interaction 

Mission and fusion both ImH i • 

a'relM''*r''k*'^''**’'^“'‘'‘P’'®o^''iiclei^trfrii°n*™^®' ** binding energy/nucleoi 
* 'olalwly heiuy one. ^'"'o ™«ller ones or we fuse two light^ei ini. 

tom the follow calculations: “ MeV energy as can be s» 


'nU“ + .„' 

ssCs"" __ 


55 ^ 8 '^’ +37^13’^+ 2n'' 


jfiBa 


14(1 


57 U 


14(1 


jhCc 


14(1 


Stable 



Stable 



licfore fission After fission 

2:15 ' 

IJ 235.043933 2 Fragments 232.812000 
n 1,008()()5 3n 3.025995 


230052598 235.837995 

ni 0,214003 a in 11 ^ 931- 200 MeV 

1 Icrc calculation has been done on the basis of two typical fragments accompanied by 3 
neutrons. In practice, results of various experiments show that tliere can be fragments of 
various mass numbers, Most probable having their mass ratio is 2:3. 



Similarly, the number of neutrons released also varies in fission reaction, On average 2 
to 3 neutrons are released, Experiments show tiie following; 



i 



The followinBcurve is obtained for number of fragmcnis versus Ibeir kineli. 
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Features of an atomic reactor are 
Fuel-Natural Uranium 


80 100 120 
-MeV->> Energy 


(99.28% 


®U“ + 0.72%- 


Enriched Uranium (>0.72%-> 


Neutron energy- Uw energy or Thermal, Intermediate and high 

M<xl«tor. Heavy water, Graphite, Beryllium oxide, Water 
Air, COaorHe,HaO. Liquid mew e.g.Na,K 

Control Rods- Cadmium or Boron rods 
Radiation Shield 
t b d 

P w Ura!^;^““^ '"dia is tf-e sixth country to have such. 

Fusion: 

E Ws-mass energy relation E = m”^ “ x , 0 =* 

jaats. as ris mass ,s enormous (I |7«' Kgrj;' may have a life of about lO"! 



I ypical thermonuclear reactions happening m sun and other stars may be interpreted in 
terms of 

P - P cycle or (' -- N cycle, 

ill'hil' -> iH' + eh v 

ill'I-ill' -> 2llc'h7 

,-lle’ I >lle’ -> ’He'+ 2ill' 

Summing up 

4|ll'->2He‘' + 2e'+2v + 27 MeV 

(4x1.00813 - 4,00386 = 0.02866a.m.u. ==^ 0.02866x 931 MeV =26.7MeV) 

-> 7N'^ 

7N'''->fiC''^ + e +v 
iH'h,C"'-^7N'^+Y 

iH'+ 7N''* -^ gO'^+Y 

gO'^- $»7N" + e+v 

,H'+7N'^ -> 

Summing up 

4,H‘-+2v+27MeV 

(The same as we have in P - P cycle) 

P - P cycle happens at lower temperatures while C - N cycle takes place relatively at 
larger temperature. 

Fusion reactions in laboratory 

Seas and oceans have 0.015% (iD’) amounting to lO” tons 

iD^iD‘ -> :He-' + on‘ + 3.3MeV 

iD’ + ,iy -> ,T' + ,H'+4.0MeV 



''' ^ jlle' i-iin' I l7()McV 

^ -■ll/* ill') 18..) MeV 
l-ilwson crilcrioii (n T v A) 

A' K)'^'(’iirScc(D-l)) 

A'IO'''c(n'’Scc,(I) T) 

l‘•‘«bIems: 

*' Temperaliirc>lo''K 

2 Conlineiiicnt 

Heat Losses 

Systems 

'■ Tokamaks 

Stellertors 
Mirror Machine 

Laser Fusion. 



Some hard spots in thermodynamics 

Ved Prakash Arya 

Why upper atmosphere cooled while its kinetic temperature is of the 
order of 1000k? 

The quantity of heat (i.e. heat content) of an individual molecule in the 
upper atmosphere is increased about 3.5 times than that at the earth’s surface. 
Kinetic temperature in the upper atmosphere is of the order of 1000k. But the 
pressure and hence according to p = 1/3 p^ the density is very low in the upper 
atmosphere, i.e. in the upper atmosphere the number of molecules per c.c. is very 
small. Thus obviously the total heat content in the upper atmosphere is very 
small as compared to the heat content on the earth in the some volume of the 
gas. That is why upper atmosphere is cooled. 

Kinetic interpretation of temperature 

The average translational kinetic energy of a gas molecule is defined as 
E=3/2 KbT. This equation expresses the fact that the average kinetic energy per 
molecule of an ideal gas is proportional to the absolute temperature of the gas. 
At T=0, E=o. This, implies that at absolute zero of temperature, the gas 
molecules will be devoid of all motion. This is the kinetic or molecular 
interpretation of absolute zero. It is remarkable that the average kinetic energy of 
a molecule is independent of pressure, volume or the type of the molecules. 

Concept of an ideal gas: 

Experiments have found that if we confine 1 mole samples of various 
gases in boxes of identical volume and hold the gases at the same temperature, 
tiien tlieir measured pressures are nearly ~ though not exactly the same. At lower 
gas densities, these small differences in the pressure tend to disappear. At low 
enough densities, all real gases tend to obey the relation. 

PV=nRT = NKT 

Called ideal gas law, where n is the number of moles of gas present and N is the 
number of molecules. 

Although there is no such thing in nature as a truly ideal gas, all real gases 
approach the ideal state at very low densities - when their molecules are far 
enough apart that they do not interact with one another. Thus, the ideal gas 
concept allows us to gain useful insights into the limiting behaviour of real 
gases. 



Degrees of Freedom: 

The degree of freedom of a system is defined as the number 
independent coordinates required to specify its position, An ant moving on atam 
string has only one d.f Here we required a single coordinate with any point oi 
the string as origin to specify the position of the ant. An ant walking on the flooi 
has 2 d.f when it can fly, it has 3 d.f A point moving along a curved path oiu 
plane a has 1 d,f Though two coordinates x and y will be required to specift 
motion, yet only one is independent. (They have to satisfy the equation of til 
curve), We say that the equation of the curve is a constraint, i.e a restrictioi 
imposed on the system. The number of d.f (f) of a system can be detennind 
from ^3p-c {c< 3 p) 

^lere p is the number of particles constituting the system and c the total numbj 
of constraints. For a single atom, 

P=l,c=0.f=3 

the atoms is a fixed 

For CHt molecule, 

P=3.C=9,M 

S™ a system. Each degreeol 

have trasMona'lTJ™?'’'”'’Polyatomic) of molecules ca 
motions' fsoinnimi sf'T left-right and up-down) and rotatioid 

slightly toward and 9 oscillatory motions,, with the atoms oscillatkl 

Jtty toward and away fiom one anote. as if attached to opposite ends ofii 

Quantum theory of specific heat 

polyatoSec^'''^ " 1 ' ** «f‘he atoms in a gas of datomic J 
motion is “turned on” 

energies Rotational motinn molecules have relatively large 

temperature. '' on” but at a lowei 

means ontylL 2 In?de^wro'fSorofH^^^^^^^^ T’ “ T 
lieat. As the temperature increases 11,9 ^ ® ‘ 

implying that two additional desre’es of ft gradually increases to 2,1 

temperature increases Ixiyond foook ^o'ome involved. As fc 

> the number of molecules with enougl 



energy to oscillate increases and Cv/R becomes 3.5. At very high temperature, 
the molecule will dissociate into separate atoms. 


Why water evaporates at low temperatures, while boiling occurs at 100*‘c? 

In first sight, it is true that liquid state of water converts into vapour state 
at 100 c. Answei of the above question is supplied by Maxwell’s speed 
distribution law, according to which the number of molecules having speeds in a 
certain range V and v+dv, „ , „ 


From nature ot curve it is clear that the function fv increases, 

takes a maximum value and then decreases exponentially. So it is clear that some 
molecules have the higher enough velocity hence the kinetic energy to escape 
from the surface ol the water. That is why evaporation occurs at low 
temperatures also. 


Why smell of perfume is detected after some time? 

The molecules of a gas move with very high speeds even at room 
temperature, so a given mass of a gas should diffuse instantaneously, while that 
is not so. Then, Is Maxwell distribution law wrong? No, but this is due to the 
assumption of ‘point’ molecules, which is equivalent to ignoring collisions 
between molecules. Actually, when a molecule of finite siz6 moves in a gas, it 
collides with other molecules. As a result its direction firequently changes 
resulting in a series of short zig - zag patlis. The path covered by a molecule 
between successive collisions is called a fi:ee path. 


Why a high vacuum condition is required in a chamber for obtaining a well- 
directed molecules beam? 

The expression for mean free path is 

A= ^ ~ 

At ver)^ low pressures (i.e. a high vacuum condition), the collisions occur 
essentially with the walls and mean free path becomes equal to the dimensions 
of the container and well-directed molecular beam can be obtained. 
Misconception regarding mechanical equivalent of heat 
The mechanical equivalent of heat is generally treated as some fundamental 
constant of physics and its unit is given. 


Actually this is not so. It is just a conversion factor between two systems 
of units, viz. the work unit and the heat unit. Not any experiments are performed 
to detennine the conversion factor between feet and meter, or between electron 
volt and Joule or between Celsius and Fahrenheet degree of temperature, Then 
why only for J, mechanical equivalent of heat? Actually, the significance of 
Joule’s experiment in determining the J is quite different. In his times heat was 
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such a process are non-equilibrium ones. Such 
process. 


process is called non-equilibrium 


Obviously, a non-equilibriura process cannoC be reverable while an 
equihbnum process ,s always reveisible. Some infinitely slow processes ^ 
reversible. For example, the plastic deformation of solids may occur infinitely 
slowly, but ,s nevertheless M irrevemible process. Infinitely slow isothermic 

expansion ol a gas IS reversible process. 


Can hot water freeze faster than cold water? 

I. Yes - a general explanation 

Hot water can in fact freeze faster than cold water for a wide range of 
experimental conditions. This phenomenon is extremely counter - intuitive and 
surprising even to most scientists, but it is in fact real. It has been seen and 
studied in numerous experiments. While this phenomenon has been known for 
centuries, and was described by Aristotle, Bacon, and Descartes, it was not 
introduced to the modern scientific community until 1969, by a Tanzanian high 
school student named Mpemba. Both the early scientific history of this effect, 
and tlie story of Mpemba s rediscovery of it, are interesting in their own right - 
Mpemba s story in particular provides a dramatic parable against making snap 
judgements about what is impossible. This is described separately below. 

The phenomenon that hot water may freeze faster than cold is often called 
the Mpemba effect. Because, no doubt, most readers are extremely skeptical at 
this point, we should begin by stating precisely what we mean by the Mpemba 
effect, We start with two containers of water, which are identical in shape, and 
which hold identical amounts of water. The only difference between the two is 
that the water in one is at a higher (unifonn) temperature than the water in tire 
other. Now we cool both containers, using the exact same cooling process for 
each container. Under some conditions the initially warmer water will freeze 
first. If this occurs, we have seen the Mpemba effect. Of course, the initially 
warmer water will not freeze before the initially cooler water for all initial 
conditions. If the hot water starts at 99.9^t and the cold water at 0.01°C, then 
clearly under those circumstances, the initially cooler water will freeze first. 
However, under some conditions the initially warmer water will freeze first - if 
that happens, you have seen the Mpemba effect, But you will not see the 
Mpemba effect for just any initial temperatures, container shapes, or cooling 
conditions. 


This seems impossible, right? Many sharp readers may have already come 
up with a common proof that the Mpemba effect is impossible. The proof 
usually goes somelliing like this. Say that the initially cooler water starts at 30^C 
and takes 10 minutes to freeze, while the initially wanner water starts out at 
?0 C. Now the initially wanner water has to spend some time cooling to get 



down to 30‘’C, and after that, it’s going to take 10 more minutes to freeze, So 
since the initially warmer water has to do everything that the initially coolei 
water has to do, plus a little more, it will take at least a little longer, right? Wliji 
can be wrong with this proof? 

What’s wrong with this proof is that it implicitly assumes that the water is I 
characterized solely by a single number - the average temperature. But if other 
factors besides the average temperature are important, then when the initiallj 
warmer water has cooled to an average temperature of 30‘’C, it may look very 
different than the initially cooler water (at a uniform 30’^C) did at the start. Whvl | 
Because the water may have changed when it cooled down from a uniform 70 C 
to an average 30”C. It could have less mass, less dissolved gas, or convection 
currents producing a non-uniform temperature distribution, Or it could have 
changed the environment around the container in the refrigerator. All four of 
these changes are conceivably important, and each will be considered separately 
below. So the impossibility proof given above doesn’t work. And in fact the 
Mpainba effect has been observed in a number of controlled experiments. 

It is still not known exactly why this happens. A number of possible 
explanations for the effect have been proposed, but so far the experiments do not 
show clearly which, if any, of the proposed mechanisms is the most important 
one. While you will often hear confident claims that X is the cause of the 
Mpamba effect, such claims are usually based on guesswork, or on looking at 
the evidence in only a few papers and ignoring the rest. Of course, there is 
nothing wrong with informed theoretical guesswork or being selective in which 
experimental results you trust - the problem is that different people make 
different claims as to what X is. 

I 

Why hasn’t modem science answered this seemingly simple question 
about cooling water? The main problem is that the time it takes water to freeze is 
highly sensitive to a number of details in the experimental set - up, such as the, 
shape and size of tlie container, the shape and size of the refrigeration unit, the' 
gas and impurity content of the water, how the time of freezing is defined, and 
so on. Because of this sensitivity, while experiments have generally agreed that 
the Mpemba effect occurs, they disagree over the conditions under which it i 
occurs, and thus about why it occurs. As Firth wrote “There is a wealth of' 
experimental variation in the problem so that any laboratory undertaking such 
investigations is guaranteed different results from all others”. 

j ff number of experiments done, often under very 

different conditions, none of the proposed mechanisms can be confidently 
proclaimed as “the” mechanism. Above we described four ways in which the 
initially warmer water could have changed upon cooling to the initial 
temperature of the initially cooler water. What follows below is a short 
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Lvapoiation - As the initially warmer water-cools to the initial 
temperature ol the initially cooler water, it may lo LS 
amonnts ol water to evaporation. The reduced mass will makeT as 
or the water to cool and freeze. Then the initially warmer w er can 
reeze belore the tnilially cooler water, but will make*!« ce 
IheoicticaI calcnlalions have shown tliat evaporation can explain die 
Mpemba ellecl it you assume that the water loses heat solely through 

TSdl ■ " “d evaporation is 

undo ibtcdly important in most situations. However, it is not the only 

niechanism. Evaporation cannot explain experiments that were done in 

closed containers, where no mass was lost to evaporation. And many 

scientists have claimed that evaporation alone is insufficient to explain 
their results. 


Dissolved Gasses - Hot water can hold less dissolved gas than cold 
water, and large amounts of gas escape upon boiling. So the initially 
warmer water may have less dissolved gas than the initially cooler 
Weller. It has been speculated that this changes the properties of the 
water in some way, perhaps making it easier to develop convection 
cun cuts (and lluis making it easier to cool), or decreasing the amount 
ol heat required to freeze a unit mass of water, or changing the boiling 
point. There are some experiments that favor this explanation, but no 
supporting theoretical calculations. 

Convection - As the water cools it will eventually develop convection 
currents and a non-unifonn temperature distribution. At most 
temperatures, density decreases with increasing temperature, and so the 
surtacc of the water will be warmer than die bottom - this has been 
called a “hot top”. Now if the water loses heat primarily through the 
surface, then water with a “hot top” will lose heat faster than we would 
expect based on its average temperature. Wlien the initially wanner 
water has cooled to an average temperature the same as the initial 
temperature of the initially cooler water, it will have a “hot top” and 
tlius its rate of cooling will be faster than the rate of cooling of the 
initially cooler water at the same average temperature. Got all that? 
You might want to read this paragraph again, paying careful distinction 
to the difference between initial temperature, average temperature, and 
lemperalure. While experiments have seen the “hot top”, and related 



convection currents, it is unknown whether convection can by itself 
explain the Mpemba effect. 

4, Surroundings - A final difference between the cooling of the two 
containers relates not to the water itself, but to the siiirounding 
environment. The initially warmer water may change the environment 
around it in some complex fashion, and thus affect the cooling process 
For example, if the container is sitting on a layer of frost whici 
conducts heat poorly, the hot water may melt that layer of frost, and 
thus establish a better cooling system in the long run. Obviously 
explanations like this are not very general, since most experiments are 
not done with containers sitting on layers of frost. 

Finally, supercooling may be important to the effect. Supercooling occurs when 
tie water freezes not at o"C, but at some lower temperature. One experiment 
ound tot the mUially hot water would supercool less than the initially coW 
water. Thts would mean that the initially warmer water might freeze fitnl 
hecauw it would freeze at a higher temperature than to initially cooler water. If 
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■ ■ ' h cream at school, which he did by 

mtxmg bo.hng m, k w, h sugar. He was supposed to wait for the milk to cool 
before placmg ,1 t e relnge.’dtor, but in a rush to get scarce refrigerator spac^ 
put Ins trulk m w.thout coolmg it To his surprise, he found that his hot milk 
froze into ice cream before that ot other students. He asked his physics teacher 

for an explanation, but was told that he must have been confused since his 
observation was impossible. 


Mpemba believed his teacher at the time. But later that year he met a 
friend of his who made and sold ice cream in Tanga town. His friend told 
Mpemba that when making ice cream, he put the hot liquids in the refrigerator to 
make (hem Ireeze Ikstoi'. Mpemba found tliat other ice cream sellers in Tanga 
had the same practice. 

Later, when in high school, Mpemba learned Newton’s law of cooling, 
that described how liot bodies aie supposed to cool (under certain simplifying 
assumptions). Mpemba asked his teacher why hot milk froze before cold milk 
when he put them in the freezer. The teacher answered that Mpemba must have 
been confused. When Mpemba kept arguing, the teacher said “All I can say is 
that is Mpemba’s physics and not the universal physics” and from then on, the 
teacher and the class would criticize Mpemba’s mistakes in mathematics and 
physics by saying “That is Mpemba’s mathematics” or “That is Mpemba’s 
Physics”. But when Mpemba later tried the experiment with hot and cold water 
in the biology laboratory of his school, he again found that the hot water froze 
sooner. 


Subsequent discussion of the effect has been inconclusive. While quite a 
few experiments have replicated the effect, there has been no consensus on what 
causes the effect. The different possible explanations are discussed above. The 
effect has repeatedly a topic of heated discussion in the “New Scientist”, a 
popular science magazine. The letters have revealed that the effect was known 
by lay persons around the world long before 1969. Today, there is still no well- 
agreed explanation of the Mpemba effect. 


The principle of increase of entropy 

Consider the process, in which a quantity of heat 5Q flows from the 
surroundings at temperature Tsurr to the system at temperature Tsyg. From the 
inequality of Clausius, we can write 
> 6Q/1 

For the surroundings, 8Q is negative and we can write 
^Ssurr = “ 8Q/TsurT 

The net change of entropy of the universe is therefore 
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Since Ts„rT>Tsys, the quantity within the bracket is positive and hence 

ASi,>0 j- 

the heat transfer is from system to surroundings and both SOarj 
the q-hy ^ ^ will be negative, yielding the s“e 




"Wt J 


The equality and greater than signs hold for reversible and irreversihl 
respeeHvely, Equation @ven above dietates unidireetionaS i 
evoluhon of a process. Tins is also called second law of thermodynam J W< 
ean say ,n the words of some physicists “In the gigantic falw J 

die principle of entropy incase actsis a fSj 1,,!; 
determining the type and kind of business transaction performed while fc 
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Erederic keffer 

Laws of thermodynamics 

L "You can not win, 

2' you cannot break even. 

you cannot stop playing the game. 

The first law tells us that heat is a form of energy and that it is conserved, 
overall ener© rco^,^ 

--■We.Entropy,a«S^^^ Aow « 

S= k InW 

AS universe >0 For all natural (irreversible) processes 
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Energy and Entropy 

Energy reigns over everything that occurs in infinite space and in the course of 
transrent time, finergy I, e a Queen or Goddess, inadiate its li^t ove 
everything Iront the blad ot grass in the field to a man of genio, endowing here 

SiZlsshade’ “ 


Entropy IS the name of the queen’s shadow. Face to fece with this 
phenomenon. Man cannot help feeling some vague fear: Entropy like an evil 
spint. tries to diminish or annihilate the best creations of that g4cious spirit 

Energy, we all are under the protection of energy and all the potential victims of 
the latent poison ol entropy. 


The quantity of energy is constant, whereas the quantity of entropy 
increases, depreciating energy qualitatively. The sun is shining but the shadows 
grow longer. Degradation, equalization, devaluation take place all around. 

Both Energy and entropy are words of Greek Origin. The prefix ‘en’ 

means ‘in’ or ‘content’, ergon means ‘work’ and ‘trap in’ means ‘to turn’, 
change. 


Scientists selected these terms to reflect the nature of their respective 
notions. A change in energy AE = Ei - E 2 in an isolated system indicates the 
maximum mount of work Amax that the system can theoretically produce in 
transition from state 1 to state 2. 


A change in entropy AS = S 2 ~ Si represent the store of energy AE 
converted into heat and dissipating i.e. 

Qo = ToAS 


Under real conditions of transition and at Toambient temperature, this 
store diminishes the amount of the actual work Aa to Aa = Amax - To AS. 

Thus, we may say that the change in entropy characterizes the amount of 
energy degradation in the process of transfonnation. 

Some Scientists, therefore concluded that eventually, perhaps after a very 
long time, all the energy available on this planet and in other parts of the 
universe would convert to heat. According to this theory, the even distribution of 
heat between terrestrial and universal bodies would result in temperature 
equalization and the complete heat of all energy transformations, i.e. a “heat 
death of the universe”. ‘ 
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When two rrttnla nrs pl?icpr] in ?l?c:lTic contact, 
electrons flow out of tre ons in which tha electrons arj 
less bound and into the other . The binding is ri^asuivnl by 
tha location of the so-called 1-brmi level of -ele ctroris in 
the iretal, the higher tte level, the lov^er is the binding;. 
The Fermi level represents tlB demarcation in energy within 
the conduction band of a iifital batwe^n the energy levels 
occupied by electrons and those that are unoccupied. The 
energy of an electron at the Fermi level is-VI relative to 


free electron outside the netal. The flow of electrons 
between the two conductors in contact continues until tlie 
change in electrostatic potential brings the Fermi levels 
of the two rnetals (W^and vy to the sans value. This 
electrostatic potential is called the contact potential P 
(sub 12) and is given by e P (sub 12) = ¥^-^ 2 , where e is 
1,6(times 10) sup-19 ) coulomb (1,6 x 


If a closed circuit is mode of tvfo different matals 
there \dll ba no net electromotive force in the circuit 
because the two contact potentials oppose each other and no 
current \/lll flow. Ttere will be a current if the | 

j 

'i 

of 00 =* of the .iunctlons is raised vdth respect td| 
that of the second. There is a ret electromotive forca i 
generated in the circuit, as it is unlikely that the two 


metals will have Fermi levels with identical temperature 
dapendencs. To maintain tt^ temperature difference, teat 
, must enter the. hot junction and leave the cold junction,this 
is consistent with the fact that the current can be uiied to 
do mechanical work. The generation of a ttermal 
electromotive force at a junction is called the See beck 



s f le ct (Qita r tte st onian- bor n Gs r nan physi ci at Tli oma s 


Joha^ S-jbeck)t Iha sl6ctroniotive force is approximately 
linaar with the teraparature diffarenca batvyean two 
junctions of dissimilar metals, which are called a 
thermocouple. For a thermocouple made of iron and 
constantan (as alloy of 6o percent copper and 4o percent 
nickal), the electromotive force is about five millivolts 
whan the cold junction is at 0°C and the hot junction at 
iqo C. One of the principal applications of the See ha ok 
effect is the ieasure«6nt of teraijerature. Tie ohenical 
properties of the jEdium, the temperature of which is 

measured, and the snsitivity recjuired dictate the choice of 
components of a thermocouple. 


Tto absorption or release of heat at a junction 
which there is on electric current is called the Peltier 

effect (after the tench physicist Jean-Charles Peltier). 
Both the See beck and Peltier effoH-c t 

a y eiiects also occur at the 

junction tet^en a ieetal and semiconductor and at th- 

•^-tion hat,.,n two semioonduotoro. The develcpm.nt of 

semiconductor thermocouplesfe p 

P ve.g.those consisting of n-typs 

p-typa bismuth telluriria^ ho j u, 

^he use of the peltier 

«2ts of such 

terinocouples are conre ctad electrically • 
fh.. hh . -Lectrically m series and 

thermally in parallel whan 

, p ^11. ''h-u an elactrlc current is made 

flow, a temperature difference whf.a , 

dapands on tte ourre 

lops te tween the two junctions. If th^ te 

junction is teot 1 w, 

®™d junction can be tens of a, 

of dt-greas colc]''r •■inr] 

refrigarator fi- = 

ai-oi, Peltier rafn'rpr. + 

»ell bod.es ttey ^^"-^°«are used to cool 

- ' ^ ““"P-t.have no mcvi„, , 



and can b3 


regulnter] to maintain prscis'^ and ctabli 


tampcrnturo s. 
as,for example, 
while it is on 


ihey are employed in numerous applications, 
to ls 2 p the temparaturs of a sample constant 
a microscope stage. 


y hat is ths ori)^;in of ths rmo e mf ? 

C ontact potential difference i- 

At the end of the 18th century A. volta( 1745-182?) 
observed that a contact potential difference is astablisl;ed 
between two different metals v/ten they are in contact with 
each other. The origin of this potential gump can be 
explained by the electronic theory. 

Let us consider two metals with different electron 
concentration (n^ > n 2 ). Since the tv/o netals have the. 
same temperature at their place of contact, the average 
velocity of thsrraal motion of their electrons is also .the 
sanB at this place. For simplicity let us suppose that 
their mean frei paths are approximately the sams as vail. 
Owing to their tliermalmotion the electron diffuse into the 
two metals. The number of electrons transferred from the 
first tietal to the second is equal to one six the of the 
electrons contained in the layer of thickness A, i,a, 

elv.',- ■ ■■ -LMnsferred from 
second metal to the first is N 2 - 1 „ a But since w 

0 2 

specified that n^ > n 2 , the second metal acquires more 
electrons than it gives up to the first ra^tal. 

Ifenca, one netal becoiiBs the positively charged as 
’ a result of diffision. Diffision in this case plays the 
Same role as an extraneous field would at the place of 
contact. Tte flow of electrons from one metal to the 



other cea,.]^5s th.J e stabllulied potontial ac’' 

counterbalance tip ami of thj sjtti'amouii 1’i‘lcl, LU us 
qualitatively astiGas the contact potantinl differ:no^ fro,., 
the follov/ins considerations. The current in tin contact 
layer is 



According to Ohm's law tho potential difference equals tte 
product of the current by the resistance of the contact 
layers. This resistant is R = r^j , , p^;) 

Wtere p^ and are the resitivitles of tls layers 
combining (1) and (2) 


^ = 2mvr ( 1_ + ) 

X. . 

■‘2 


8“ A ^3! 


Thus ‘IV* IR ,mu2(n^. ^ ^ 

~77~’ ^ “2 

After Substituting 3 iq' foj, 


( ^ ""f 2 ™ 

V rau = 3 




^<T J 


Kl' ) 


—4 


e n 


1 


Contact potential difference tbn,nH. e 

, -P-ndSjonly on tha temperature 

” ^l^-fnical compositions of tha 

. ° “-■tals(Thciri;irel3ctric 

•32 r.ia s) 



T h jrmo3Is ctrici ty;- 

L:?t ur, ai’rMni';] ^ cln:)--. civ emit ai two in'i.n]:: aiul 
raaintain tha sara.i camparature at all points, Uo vfill find 
that und?.i this condition thsrs will ba no currant in thi: 
circuit du.i to contact potential jumps b? cause its eml is 


zero: 



This result could have teen foresa^-n irom tha first arid 
second laws of thermodynamics. Indeed, a currant does 
work and therefore a source, of energy is re quirer to 
produce a current. This cannot ba tha anargy of tha ■ 
anvironmant ba cause, according to tte sacoiid law of 
thermodynamics, there is no heat exchaiige b.itv/aen bodi s at 
tha same ternperatuz’e, 

Tha result will be quite different if the 
temperatures of tha junctions are not tte .sniiul Assume, 
for instance, that T^ > T 2 Then tha expression for tha amf 
ba come s 


i = 4V.,2 f 




Tha emf here is evidently not equal to zero, and a 
thermoelectric currant is established in tiia circuit. 

This phenorifinon was discovered in 182'1 by T. Saateck 
(1770-1831). 

^qn(4) can be rewritten as ^ = difference in tamper at 

^ ura of the two junctio 

5 = T,) = »<<1T 


vihare ^ =_K_ ( n., /nj ) - ' 

nf' Const ant ch nr a cte r i zin g t!v 


^ a tliermoele ctronotive for 


f dr'Ci. 



Tha therincxilectroniotive forca arisiiu' i'rou tli^a contact of two 
n^tals is very small, fhou-jl] Siqn was fiarivad by r.i^aiis of quit» 
crude approximations, it can ba u-jed for a qualitative 

estimation of this tharmoalectrornotiva forca. Taking T = ik 

and concentrations n^ and n2,for instance, froia ihs data in 
Tabla. For copper and aluminium. We obtain 


=1.38*10-23 


^ 4 m J 


.n2 n^j 


1.61 X 10 “’'^ 


&-S-J 

= 1t0(_inu) V/K 

?*perltental data for a ttermos-le ctrlc ooupla of 
is only 1/30 33 ^mcbj 3 . 4 (riiu'^V/K. ^ ]U\//k 

If v= raplaoa ons of tte ..ratals by a iSraiconductor, th= 
tter„.«leotro,«tive force should substantially incrrurrr 
because tte electron conoantrations in ffitais and souioondu- 
Otors differs by 4 or 5 orders of nat'nitu*. i;„n. is 

inapplicable here, even for qualitativs oalcu].ations. but the 

laot la oonflrn^d .XEnrloentallythat a ®tal se«icondu,otor 

tteraocouple girren rls to a much higher ttereionectroraotive 

iorce than a rastal nstal ona. 
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- Toulb - 


( j_ 

OhiQ-m 



n> . 1 




RH 

c- 

n= j _» 




e Rjf 

Aluminium 

0,30x10"’'° 

^.OSxlO"'^ 

n 

20.8x 10^^ 

Copper 

0.55 X 10“""^ 

6,41x10""^ 

11.4x10^° 

Sodium 

2.50x10"^° 

2,48x1o'^ 

2.50x10^° 

Liltiurn 

1.70x10“''° 

i.iyxio’^ 

3.67x10^° 

Zinc Oxide 

1,6x10"^ 

3.0x10^ 

3.9x10^'° 



Concentr ation 

Average 

numberj^:i5ctron 

1 

oi atoms 

of Iree s 

le ctronsjmobiloty 

Aluminium 

“■ ^c+) 

6,03x10^^ 

per atom 
^ n/n^ 

3.46 

1 

ba Y RH 
(m^/V-s) 

1,2x10“'^ 

Copper 

8,49x10^*° 

1.34 

3.5x10""* 

Liltiurn 

4.60x10^° 

0.80 

1 

o 

o 

o 

C\J 

Sodium 

2.54x10^® 

0.99 

6,2x10"^ 

Zinc Oxide 

= 4x10^'° 

10“^ 

4.8x10"^ 


Can you explain the cui've with the •'liqn.,,(4) 
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Formation olStErgy bands in Crystals 

Splitting j)f Energy levels In a crystal j- 

Take N; atoms of substance and arrange tte m at 

a sufiiciently large distance from each other but in sue! 

a way that this arrangement reproduces the crystalline 

structure ol the material, since the separation between 

the atoms is large, we can ignore their Interaction and 

considered them irea. In each oi these atoms, there are 

degenerate levels with de gene redes equal to the number 

of differently oriented similar orbits in corresponding 

subshells* (States described by different sets of 

quantum numbers but having the sane energy are called 

degenerate* The tevels are degenerate while the atoms 

are in free state, ^f however, the atoms are placed in 
a strong electric or. magnetic field, the degenerecy is 

partially or completely removed. The process in which 
previously indistinguishable (from point of view of 
energy) d 0 g 9 ^®J^ate levels become distinguishable is 
Called the removal of degeneracy,) 

Let us now start bringing tte atoms clo^r as 
shown in thsy tegln to expertonce the 

inflienoe of their approaching neighbours, which is 
simaar to tne influence of an external electric fl^ld. 
The smaller tte aepe ration between the atoms, the 
stronger tte interaction tetween them. Owing to this 
interaction, deger^racy of energy levels characterising 

the free atoms is removed: each degenerate level 

splits into (21+1) non-de gene rate levels. All the 
atoms in a crystal generally exists unter the sane 
conditions (except for those which form tte external 




boundary of tha crystal). It could be seem tbarefore 
that each atom should contribute the sama set of 
non-degenerate sublevels into the energy spectrum 
that characterized the crystal as a whole Viz, one ts 
sublevels, three 2p-sublavels, five 3d-sublevels, & so 
on. Each sublevel may contain two electrons with 
opposite spins. Although this splitting actually occurs 
tiB ooDKsponding sublevels obtaiued irom similar atomic 
levels ditJers from each other in energy, sotiB ol them 
are higher in tte energy speotroum ot the crystal than 
the initial levels ol tha indivisual atoms, while 
otters lie soiEwhat lowr. This dlllerenoe can be 
emplainad by pa^i-s exoluaion principles ge^rali^d 
Iffi entire crystal as single entity. According to 

■this principle, no two non-dagemrate sublevels in 

a crystal may have tte saiE energy. Therefore, wten 
tte crystal is loTmed, each energy level spreads in 
to anei^rgy band conslatlng of N«a+i) non-de gets rate 

aublevelsdifterlngine^rgy. example tte is 

isval spreads into ts-band consisting of N sublevels 

''blch may .contain 2Neleotrons. the 2p sublevel 

15 ,, , , , 

''blch may contain 6Nelaotrons. and ao on^ ... 

1“ atoms la shown in fbg.2. 

shorter tte distancer tiv. + 

Tte n»,.hK stronger tte effect ol 

curing ^toms and the more tte levels are 
“smaared" tha 

determl k ' is 

iced by tte enBadlng of tte level- 

levels oorrasponding 



to the interatoinlc distance qjq typical of a given 
crystal, 

Tha dagrea of snearing of levels depends on' 
thair dapth in an atom. The inner electrons are 
strongly coupled to their nuclei and are screened from 
external effects by the outer electron stells. 

Therefore tha corresponding energy levels are weakly 
snBared, Naturally* tha electrons in the outerstfill 
are most strongly affected by the field of the crystal 
lattice, and the energy levels corresponding to them 
are are sub ared tha most. It should noted that 

snearad of levels into energy band dws not depend on 
whether there are electrons on these levels or whether 
they are empty. In latter case, the smearing of levels 
indicates the broadening the range of possible 
energies which tha electron may acquire in the crystal, 
3,2 Allowed and Forbidden ^ands 

There is anentireband of allowed energy values 
corresponding to each allowed energy levels in a crystal, 
i,a there is an allowed band. Allowed bands alternate 
with the bands of forbid*n energy, or farbid*n bands. 
Slactrons in a pure crystal cannot have an energy lying 
in tha forbid*n bands, T* higher the. allowed atomic 
level on tha energy seals* the more the corresponding 
band is she abed. As the eisrgy increases, the forbidden 

bands becomes narrower. 

The speretion ol sublevels in an elloved band is^ very 
sshLl. in real crystals ranging free 1Jo 100 cn^^in 
size, tha sublevels are seperated by 10 to 10 eV. 




■0 


This dlflerance in energy levels m so small that the 
bends are considered t„ to continuous. t'hvorttoi„ss,tto 
lact that sublevels in tto bands are diecreate and the 
e»ter oi sublevels in the band la always finite piaya 

a aecisi. role in crystal physios. Since depending 

divldedTt^' solids oan to 

3 3 For ti ” ° smlconductors and insulators. 

3.3 Formation of 

iorn a 001^ Z- 

neighbor 1 ' ^aberaotlons accurs between 

“ishboring atoms. The for<ee of „ttr t, 

tatween atoms wai find h, a"^ repulsion 

i ilnd a balance at tte -nmirvow ^ *. 

apaelng fur the crystal t„ tb- P into rat osic 

abanges occur m the ale't 

and these changes re ult ann^iSurations, 

"angps result in tha vnriaH u 

properties of solids. laotr«al 

®nalitatively. „ton + 

application of Pauiit ^ brought together 

i^ortaut. ,to„tto ie 

aach ottor so that tiris'"' 

ave funotionccoj^ ^ 

'n*ntionl ei..ctr;nf. .. .. aan have 

**a two atoms boooiiEs * ' '' "' ' '■ ' " 

^““^ans togin to overlap ’ -ve 

^"'tates that no two electron ' P''l"alpie 

=Patem mey have tn. a ^ ^ i"beraotl„g 

a splitting Of ttoTi 

into .w levels toi"'"'' ^-^ated 

in indlvlsual atoms. rathar than 

‘>raught together, 



so that tha split emrgy levels form essentially continuous 
bands of energies. Figure.l'£t^!^\ustrates tha 
imaginary formation of a dimond crystal from isolated Ccarb 
atoms. Sach isolated carbon atom has an electronic 
structure ts 2S 2p in the ground state. 2ach atom has 
available two IS states, two 2S states and six 2p states, 
and higher states. If vje consider N atoms, ttere will be 
2N,2N,and 6N states of type IS,2S,and 2p,respectively. 

As tha inter atonic spacing is decreases, ttese emrgy 
levels split into bands, begining with tha outer 
(na 2) shell. As the "2S“ and "fip** bands grow,they 
merge in to single band composed of mixture of axergy 
levels. This band of "2S*^p» level contain 8N 
available states. As the distance between atoms approaches, 
tha equilibrium interatomic spacing of dimond, this band 
splits into two bands separated by an energy interval 
(Gap) Sg, The upper band (called the conduction band) 
contains 4N states, as does the lover (valence) band, 

Thus, apart from low lying and tighly bound “Is" levels, 
the dimond structu'e( crystal) has two bands of available 
erfirgy legels saperated by an energy gap 3g wide, which 

occupy. This gap is sons times called a "forbidden 
band,since in a perfect crystal it contains no electron 

statas(imperfections,impurities,defect,.in a crystal 

will have states in tha erargy gap). Let us count 
electrons. The lover "1S" band is filled with the 2N 
electrons which originally reside in the collective is 

ft 

t 

states of the isolated atoms, Hovraver, there were 
4 n electrons in tha original na 2 slfills (2N in 2S 







The splitting of 1 s and 2s atomic energy levels. 


(a) when 2 hydrogen atoms 
approach each other, there 
are two energy stales splUtod 
In each 1 s and 25 levels o( 


Bnsrgy 



loweil enaigr 
band 

AWmlc Saparailon 


<h) when 4 hydrogen atoms 
approach each other, there arc 
four energy stales splitled In each 
Is and 2a levels of each atom 


The formation o( energy bands. 

Vyhcn mai>y hydiogcn aUitns come 
logelher lo lotm a solid, the nearby 
energy slates ai each of the original 
Blomlo levels form an energy bond 



1 1 limply rcB'ion 











Isolated ctoin 











FIGURE 
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Isolated atom 
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FIGURE HI Band spreading and splitting as a function of atomic spacing for silicon. 
This figure shows how the orbitals of one atom are affected by the interaction with the 
orbitals of a second atom as the first atom is moved from right to left. The second atom 
is stationary at the reference. 
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FORMATION OF BANDS IN A SOLIDS;- When atoms are bound together in a 
crystal,two important effects are produced on the energy levels of the various 
atoms.First.the indivisual levels are shifted to produce energy bands instead of 
discrete energy levels. A bond is mad^up of many energy states so close together 
that it would be impractical to try to distinguish indivisual states.At these high energy 
levels, these allowed energy bands may cover a range of one electron volt or more. 
The second effect is band splitting, As the atoms move close together,some of the 
indivisual states may move to higher energy states and some to lower ones.Band 
soreading and band splitting as a function of the distance between the atoms is 
shown in the figure 

The electrical charecteristics of a crystal are determined by the manner in which the 
energy bands spread,split and overlap. The following example illustrates how the 
levels of the isolated atoms are modified by bringing atoms close together. 
EXAMPLE:-How do the energy levels in an atom of silicon change as the atom 
moves close to other atoms of the same type? 

We know that silicon has 14 electrons distributed in the various levels 
K(2),L(8),M(4),thus K and L bands filled to its full capacity(2 n ^); and has four 
electrons in the M band (n=3jappear/n the three level,two in the 3S-level,six in the 
3P-level and ten in the 3D-level. Two of the four valence electrons fill in the two 3S- 
levels nad the other two are in the lower 3P-levels. 


If the two atoms are many atomic diameters apart, the energy band are very narrow, 
/ ■ th? firurr- y ''::n s^pcraticii is two or three atomic 

diameters, the valence band energy level spread. The important point here is 
thatthe two states in the 3p-levelcontainlng the two electrons move DOWN while the 


other four empty states movesUP.At the normal atomic spacing found in silicon 
crystal,an energy gap or the forbidden gap of approximatelyl.11 eV exists between 
en energy state containing a valence electron and the next lowest unfilled energy 


states. This energy gap is caused by the band splitting effect. 








SEMICONDUCTORS 


preview 

Introduction ^ 

About 70?i of the hundred or so known elements 
are netals. Most of the rest apa non-nfitals, i,e do 
not contain free electrons whan packed together to make 
solids. Tte metals and non-metals aPe grouped togetter 
at opposite ends of the periodic table of elements- a 
group of about ——» elements along the boundary aPe 

semiconductors. They have some free electrons when 

\ 

packed together, but nothing like one per atom which 
is the norm for nfitals. Furthermore, the number of 
free electrons rises drastically (exponentially) with 
temperature, lowering resistivity of the Eemiconductor* 
Semiconductor s j- 

The name has been applied to a large.number 
of chemical elements and compounds of which the most 
important ape gern^nium and Silicon, sides the® 
there ars many compounds so callod III-V coii 5 )Ounds such 
as gallium ar^nida, indium antimoni*, and gallium 
phosplide, indium phosTihideF Ptc. 


U€.u/i'Udefine semiconductor ass 

... 1 " conductlvltY of yM^ 

gt room ‘•"‘'iss tetveen 10— ^ -—■ 






Chemical 

symbol 


f/'2 

Fig. ) 


Numl)cr of 
f Outer \ "•“‘"’"s i" 
Uubshell) 

Namcorihcclcmcni 


Aiomic 

number 


-f pHn.1 

















The moat common semiconductors are tte elenental 


semiconductors silicon and germanium. Other common 

elemental se miconductors- are dimond( carbon), gr aytiffn, 

tellurium, selenium and bor^. Closely related to the group 

IV semiconductors diamond, silicon, germanium and graytin 

are the III-V compounds formed fromelenfints in tte third 
, ^ (tab)2c.34-2.) 

and fifth columns of tte periodic table, such as InSb, 

InAs,CjaAs,GaAs,GaP,and GaSb, Another important class of 

Ctabl£L/.3)£4'5‘ 

inorganic semiconductors is the II-VI compounds,formed 
from elenents in the second and sixth columns of tte 
priodlc table such as CdS,Cdfe,CdTa,Znae,ZnTe,HgS,HgSe, 
and HgTe, Many otter varieties of compound semiconductors 


are found,sone of the more common verities being tte 

IV-IV compound SiC,IV-VI compounds PbS,PbSe and PbTe,SnT 0 , 

Sn 33 ,Pbx Sni-xle ,pbxSni-xSa ,GeTe and tte oxides MnO,NiO, 

■iy 4 , ' * 1 / “T7" 

S102,Sn02,Ge0z of great Interest are the more complex 


compounds and Solid solutions 
of tte Eg ®-='i a/ 



type for examples; GaAs P, In Ga Sb or Zn CdSe Te may 
serves as examples of Solid Solutions: 

Pb Sn Te, Sn^^g lei Dei etc. 

Termany compounds can be formed by elenents from three 
different columns, as, for instance, mercury indium 
tailuride (Hg In^ T 04 )» a rr-’D 3 -VI compound. They 
also can te forned by elements from two columns, such as 
aluminium gallium tf’s 3 nide(Al^ ® 

termany III-Y compound,where both Al and Ga are from column 
ni and subscript x is related to the composition of tte 



Semiconducting; materlf^l 

The current in electronic conductors is carrinj' 
by electrons only,,th3re is no transport o£ matter, gnd 
devices made Iron electronic semiconductors can operate 
for long period of tine. 


12 elenents belongs to the semiconductor group : 
boron(B), carbon(C);Saicon (Si), phosphorus (P),Sulpter 
(S) fiarmanium(&), arsenic As,Selenium (Se), 


sreytin^ Cto) antimony (sb). (le), loSdi^d), 

ag«re~.-shows tha position ol tte sonioonduotor, 

a»ng ths other eiansnts of ten^leyeO^. J Periodic tatt., 
Most inportant atonic semioonduotors are at present 
Silicon and Germanium, 


Many binary compounds of tte B type (wtefi 
A ■ tte eleaant of the group X and B-the ele^nt of tfc 
Stcup(8.x) exhibit ..iconduotive properties. Type 

eto. AS yet. ttey are ootl 
E«at use as snioonductiye Materials 

Type gVlI ^ 

--Sulphide s, te lie r ide a ani 

“ ®“ides a and oxides of group rc aetals. The tost fcno. 


Hr 9a |e tf> y " ’ ’ " ■' 

being used widely now and in future 

semlc art important praaent day 

aIII °V '^pounds are the substances of tte 

■■Pliosphide^* omtimonides; arsenides, 

amniniun, gallium, ^ 







Table BJ Crystal Structure and Energy Gaps of I.-VII, Compounds' 

H 1 


Element 

F 

1 

Cl. 

Br 

1 


.. Z ■ 

..z 

1 

3eV 

t 

Ag 

R 

R 

R 

W Z 

2.8 eV 

Au 


— 

— • 

— 


* Ionic conductors; Z ■ zinc blendt, W ■ wurlzii*, R ■ rSombohedral. 
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Table M Energy Gaps of II,-VI* Compounds' 


Element 

0 

5 

Se 

Te 

Be ■ 

a 


— 


Mg 

7 0V 


5.6 eV 

4.7 eV 

Ca 

6eV 

5,4 eV 

5.0 eV 

4.3 eV. 

Sr 

BeV 

4.8 eV 

4.6 eV 

4.0 eV 

Ba 

4.8 eV 

3.4 bV 

3.7 eV. 

3.4 eV 


'. Insulsiori, 


Vr6 

Table S Cryetal Structure and Energy Gaps of iV^-Vl^ Compounds ’ 

I 


Element 

0 

S 

.Se 

Te 

C ’ " 

''Gaa 

4 

■ — 

1 

'Si 

7.2 eV 


— 

— 

Qa 

“ 


2eV 

1.1 eV 

Sn 


1.3 iV 

0.8 eV 

Rs' 

0.2 «V 

Pb 

—* 

. Rsf 

P^t 

Rnt 

> ■» ' 

1 

0.4i eV 

02‘:i ttV 

. OiiiV 
• 


‘ SnO, (3,5 fV). 
t Rock salt. 


I 
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Table 13 Crystal Structure and Energy Gaps of Compounds* 


Elemant 

N 

P 

As 

$b 

B 

Zt 

Z 

Z 

Z 


5.0 eV 

4.2 6V 

3.0 aV 

2.8 bV 

Al 

W 

Z 

Z 

Z 


4.0 eV 

3.1 eV 

2.2 bV 

1.5 eV 

Ga 

W 

Z 

Z 

' Z. 


3.3 flV 

2.2 eV 

1.4 aV 

0.71 eV 

In 

W 

Z 

Z „ 

Z.i • 


2.5 eV 

1.2 eV 

0.35 eV 

0.16 bV 


m'Aii riuirt 


t BN, BN), BN, 
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Tabled# Crystal Structure and Energy Gaps of Hj-VI* Compounds* '-' 


Eltmtnt 

0 


s 

• 5b' 

Tb '" 

. Zn 

w z 

•W 

Z 

. .-z,., . . 

W Z 


3.3 eV - 

— 

.3.8 aV -, 

, ,.’2.0 dV-'' ■; ' 

y^'.' 2.2 eV 

Cd 

R. . 

w 

Z 

. w, z. 

■ . Z"'' 


2,0 eV 

— 

2.5 eV 

1.7 aV 

1.4 eV 

Hg 

X , . 

X 

Z 

Z 

‘ ■ 1 ‘ 




0.97 eV 

' 0.32 eV, 

SSO ; 


Mon thin ilevon mitirlils npnsintod: Z • zinc blondo, W " wurtziti, R ■ rhombohodral, X ■ other crystal 


I II III IV V VI VII 
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Fig, 23 Isoelectronic chalcopyrite compounds 



V'? ; 

TablalS Enargy Qapt of AJB" Compound* 


C SI 

Ga 

Sn 

fib 

B., - - 

— 



Mg, — 0.7 •V 

0.6 aV 

0.3 IV 

. Matar 

Cl, — 1.9 iV 


.0.6 aV 

0.46 aV 

Sf, 

— 


— 

Bi, - ~ 

— 


— 

' Nvgtllvi gap 

Tobl« Energy Gaps of A,B"' 

1 

Compounds 

0 

s 

' 5a 

U 

Cu, 2.0 iV 

1.8 ftV 

1.3 aV 

1.0 aV 

Ag, — 

0.9bV 

. 1 . 

■■■ •0.BeV : 

Au, — 


— ■ 


V.9 

Table IM Energy Gape of A^' B 

1 

3 Compounds 

0, 

s, 

5a, 

ra. 

Ba “ 

— 

— 

— 

Al, 7.6 «V 

4.1 aV 

3.1 aV 

2.5 aV 

Ga, 4.4 aV 

2.6 aV 

1.9 aV 

1.0 aV 

In, 3.6 aV 

2.0 eV 

1.2 eV 

1.0 eV 

Table M Energy Gaps of A,B 

3 Compounds* 

. ^ ■ 1 

0. 

s, 

5a, 


N, - 

*- 

— 

. ”/ 

. Pa‘ 

— 


— 

As, 4.0 eV 

2.6 aV 

1.7 aV 

1.1 aV 

Sb; ' '■ 4.2 aV 

1.5 eV 

i;2 aV 

0.3 aV 

W/'Bli3.2 aV.. 

,1.3aV 

,:0.36ay.;. 

aV 


' Th«rmofl*ctrie mitarlili. 



two eleiiEnts from 100 percent Al(xal) to 100 percent Ga(xBO) 
pure silicon is the most important material lor integrated 
circuit application, and JII-V binary and ternary 


compounds are most significant for light emission. 
Another class of semiconductors is the organic 
se miconductor s common e xampla s te ing ant hr aoe re, 
ta trace re, free radicals, such as "dippenyl-B-picryl 
hydrazyl,biologically interesting material such as the 
phthalocyanitBa, and various organic dyes* 


Certain classes of semiconductors also possesses 
other interesting properties. For example, the europlun 
chel@»geni*s lorn a lanlly ol magnetic semiconductors, 
wlthEuO,BuS,andBua un*rgo a ferromagnetic phaee 
translation, while Bifle teoones antilerromagifitlo below 
a Ifeel temperature ol 9.8 K. Magnetic semiconductors are 
01 partlouler interest tecause d dose coupling between 
tto eleotrloel and magnetic proimrtiss,such as electrical 
conductivity and the magnetic susceptibility, som 
eomlconductcrs haiB also been undergo a superconducting 
phase transition, as lor example Gaft and Siflb lor 

concentration ^ 10 / cm^ and transistion temperature 

‘ ' ' ' J .*■' A - * ^ % • » 

’ \_i ‘. '1 '..v . 

Ir'.e .J. ; ^ I I ' . . ’ 

utuicee crystalli* maferiels. ^miconductors 'are also ' 

7 ^be liguig and a»rpbous states. 01 special 

" ^l^ctrioal conductivity 

Ol an amorphous semiconductor tend, +„ w , 

its-crystalln, counterpart, tl 

prevaUs lor U ^'^*’ *** “PPo^ite situation 

amorphous and crystallirE mat i 

netals. Common 

semiconductors Ilka 

in t. amorpbous“X.“dtr«g“: t^ m"ar» ■' 




emphasis in recent years has been given to the amorphous 
chalcoganide glasses containing teiiurimn and selenium 
along with a host-- oi other alenents; these glasses have 
been utilized for switching and memory devices. 

Physical proiaertifl s i- 

Semiconductors tend to be hard and brittle and 
be cone ductile only at high temperatures. The har dress 
of ssraiconductors like dimond and SiC is utilized in the 
manufacture of inductrial abrosives. Because of this 
hardress, high quality optical surfaces on semiconductors 
can be achieved using lapping and etching techniques, 

Tte structural loriula tha largest laally of seuioonflucting 
binary (aB) compound is a“ B®'“i that la, there are eight 
electrons per A-B atom pair, N being tte group number 
in the periodic table and 8-N, the coordination number. 

The crystal structure Inolud diamond, the zinc blends, and 
the wartzite lattices. 

Also included in Table 1 is a neinber of 

b;::b;.iJ7 cou^,,;‘Und3 Fl/'epFb32,pbS 
Called lead chalcogenides or lead salts,and other IV-VI 
uujujjumidt, jii:'it ,e-cc, ‘i'nase are used as delectors of, 

.. • V,. ..--■.i.. I;...;.’ piioi/oojii 'Ihiiy riave 

4 ., , ^ N 10-N 

T^he structural formula A B , so that A=Pb and tence 

Na4, the coordination number is 10-Ns6 as in rock 6alt 

or NaCl structure, Ttey are called the plar 

semiconductors, by which is meant that the interatomic 

bonds in the crystal are predominanlly ionic in character 

and are madiatad by central electrostatic forces. 



POlDfTS TO ;- Sainicondue1;ors 




2 . 


3. 




„ 


Tha equilibrium number of electron hole pair 


i 

in pure silicon (int’rinsic) at room temperature 


10 '5 

is only about 10 SHP/cra / where SHP means 

(electron hole pair) compared to the silicon 

22 3 

atom density of more than 10 atoms/cm , Thus 
a few electrons in the conduction band are free 
to move about via the many available e mpty 


state, 

13 ^ 

Hovever there are 10 S;HP/cm^ Germanium 
at room temperature* 

One cubic milliiiEter of Ge (which is about the 
size of a pinhead) contains about 5 x 10*^^ 

atoms* So if only om part in million of sone 

1*1 

impurity v^re pre^nt, these would ba in that 

tiny pjfioe of Ge 50,000,000,000,00 atoms of’ 
impurity(5 x 10^^), 


In Si for example tte intrinsic carrier 
concentration nl lo^° cm'^ room 
temEerature. u ^ doped with Sb atoms/oc 
the oonduotion electron concentration changes by 
live order of magnitude* 


Tte resistivity ol Si changes irom £ x 10^ to 


5 (Ohm.om) with this doping, 
for 'Si at 300°K ni = pi = lolO 

tte density oi ava^able states S:^ 
of the order b ~ "3 

— 'W cm 


where 
and ^ 

c 


as 

are 



5. 


Band gap(energy gap) (varies) dacreases with 

increaaa in tamperatire ior Si ig = ev at 
300°K; = 1.16 ev at 0 °K 

'ig =!il;g(o)-Sg T 

V/here i.g(o) is the v/idth ol amrgy gap at 
absolute 2 ero of temperature, igCV/o^ ) is the 
temperature Sensitivity and T is absolute 
temperature oK, 

_ -4 

For saicont;g(o) = 1.21 eV,^.'g = 5 x 10 eV/o 

C 

and hence the room temperature value of 2g is 
near 1,12 eV. 

Bet n be the numter of atoms per molecule then 

Molecular weight a n x atomic weight 

3 

Number of moles/cm"'^ s ^ 

n X atomic weight 
3 

Number of molecules/cm = A P 

n X atomic we ight 
3 

Number of atoms/cm s n A f 

n X atomic weight 

-AJ. - 

atomic weight 

S^xample ;.. 

5 

For Silicon f = 2,55 gm/cm 

Atomic ight 28,08 gm 

23 

density of atoms = 6,02 x 10 x 2.53 

28.08 

22 -3 23 /oc 

= 5 X 10 cm .10 

For Cermanlum 


f « 5.32 



7, 


23 

density s 6.02 x iq x 5*32 


8 . 


9. 


72.6 

22 7 , 22 

s 4.41^^X 10 cm“v or 10 /cc 
Cal’S must ba taken to use consistent units in 
the calculation. For ex.if an energy such as 
Sg is expressed in (e V); it should multipiiad 
by Q(1.6 X 10 ^c) to convert to joules if K is 
in J/oK. alternately, Sg can be kept in V and tte 
valie of K in eV/oK. can be used. 

For extrinsic conduction to exceed intorinsic 
conduction, the donor atom’ concentration Nd or thi 
acceptor concentration Na should exceed the 
intrinsic carrier concentration ni *= pi 
In practical manufactur of extrinsic 
.^miconducter Na or Nd is always many tinas, 

Mi or pi for example, in case of Ge which has 

ni a pi = . 

cn at room tfiraperature Nd and 

Na aay range anywtere bat,cen 10^® and lo''® o«.•^ 
which is 10 to 10 tins a intrinsic parr Jar 

concentration, 

miconductor containing substantially only 

Oisi typ-;-: m cui'i’-'■'i- • 

-e - a - ilv CaPi/ji-' i’ ■ . u. ■ 

“ ~ i ^ -‘-■j i.illpUilJS i. UiU 

to increase the total carrier concentration by 
ia^otlng carriers ci the saee type- hoover, 
auch increa* can te produced by injecting the 

PP site type, chajr^ of the 

latter can be neutralize hv • 

by increased 

concentration of thsa + 

yp® nor rnally pr 3 se nt. 



11 Nd^ ni, laay nsglsct intrinsic carrier 
conc(-thnt if, that of slyctrons) and than n\ Nd 

Taking n-typa gcmnnium as an example n may ba about 
-16 ^3 ' ^ 

10 cm clearly, na ccjiiiiarjil win, Uiia limu-o ore red 

not consliter to intrinsic carrier concentration which 
13 

IS ni = 10 cm or by a factor of 1000 smaller. 

Sffect of temperature •- 


Tha minority carrier cone in an extrinsic 

Samiconductor dacraases in the sare proportion as the 

majority carrier concentration increases. Thus if i-type 

germaniura has ni-pi = cn'^ ana doping it with a 

donor impurity increase the fig. looo fold to n = lo’^^cra" 

n 

the minority carriers(holes) concentration will fall to 
1/1000th of its preveous Value to be cone p n = cm"^, 

which is one millionth of the majority carrjsr 
concentration. 

The explaination is that whan the conduction 
electron concentration is increased 1000-fold die to 
contribution from donor atoms, the lower ej^rgy levals 
in the conduction band are filled full, and electrons 
fr'or" tivs ^r,,^apy« h-rind rrvr j’ump onl’'" to the hif'ber 


en^.^y xaveis of the conduction band. For this jump to 
occur, however, the electron must have a greater energy 
than they do in an intrinsic semiconductor, doing this, 
Ths number of holes in the valsnoe band than decreases 
in about the same sizeable proportion. It has been 
found that n-type extrinsic semiconductor always satisfy 
■l^be following e qualityj 





In our example 

lO^'^x 10^^ = (10^^)^ - 10^^ 

Sverything said about n type semiconductors fully 


applies to p-type semiconductors. 

In than Na >> pi and vje may deem that P •v 

For example, in the care of pttype ismiconductors 
(germonium) the firgura may be ^ ^ ^^10 .3 


for p-type semiconductors, the 

2 2 
ni s pi - 


equality P np b ni pi a 


uiways holds ( Hass actUDD aind Co-nservafii^^ 
Sven minute amounts of an impurity can drastically 
chan^ both tte type of conduction and tte magnitude 
of conductivity of a semiconductors. Indeed as many 

I ! 

—i-—~ Serinanium atoms enclosed in every c.ubic 

centinBter of the material, as inpurity concentration of 
om" will amount to adding only ons impurity atom 
0 the four-oaa million ntnan is, tte 

impurity will account icr as little as oi the 

otal material, ifever the less, the majority carrier 
oonantration is inorea^a 1000 -iold and the 
conductivity is Uprcved in the name proportion. 

Tli. manufacture of semiconductors carrying 
“ch legligibie aaj olosiy controlled amounts of an 

ccphisticated process. 



Table 8.1 • Electrical Prtspe'rties'^'nil Band Parameters of Some Common Semiconductors. [A.fter J". Moll, “Physics of Semiconductors 

AdfcGravo-Hill Book .Company, New York, 1964-1 p- 7’O.J 
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CONCEPT OF HOLE IN SEMICONDUCTORS 
The hole,or Ihe deficil produced by removiiia an electron from the valence bond/covaicnt bond 
of the crystal-Although Ihe hole and its negative counterpart,the excess electron,have been 
prominent in Ihe theory of solids of (he work of A.H.Wilson in 1931 , Ihe announc’emenl of Ihe 
transistor in 1948 has given holes and electrons new technological significance. From the 
theoretical point of view, the hole is in abstraction from much more complex situation and the 
achieving of this abstraction in a logical \way appear to involve rather detailed quantum 
mechanical treatment. From the experimental point of view, in contrast, the existance of holes 
and electrons as positive and negative charge carriers of current can be inferred directly by ihe 
experimental techniques of transistor electronics. 

For understanding the physics of diodes and transistors it is convenient to consider hole as a 
specific particle.Hole in motion constitute electric current Ih the same extent that eiectrons in 
motion constitutes a electric current. There are however some differences in their behavior in 
electric and magnetic field which we must keep in mind. 

1. Hole can exists only in a semiconductor material such as in Germanium and 
silicon.This is because, hole depennds for its existance on a specific arrangement of electrons 
(covalent bond) Holes generally do not found in good conductors such as copper and aluminium. 
Although there is exception in case of berylium,cadmium, and tungsten where hole conduction 
has been reported using positive sign of Hall coefficient. 

2. The hole is deflected by electric and magnetic field in same manner as that of an elecrons 
Because the hole possesses a charge equal and of opposite in nature to llial of an electron, the 
direction of deflection of the holes in an electric field is opposite to that of an electron,For 
example the electron is deflected towards the positive plate .the hole moves towards the 
negative plate.However in magnetic field electrons and holes move in the same direction. 

3. When the hole is filled by an electron from the adjucent covalent bond the hole have 
considered as having moved from one position to the other in the crystal lattice.When a hole is 
filled by a free or excess electron, the hole no longer exists. 

4. The introduction of hole terminology makes the things symmetrical on the two sides of the 
band gap.The conduction increases the population of conduction band by free elecrons.The 
conduction also increases the populate valence band by holes. At T= 0 K the valence band is 
also empty band as far as the holes are concerned. 

5. The fundamental theory is that— Current conduction is not possible in empty or filled 
bands.Why? The statement about the empty band is obvious,since current is not possible without 
the presence of carriers in the conduction band. The question of conduction in a filled band must 
be discussed in more details. 

The valence band (and the bands below it) is completely filled at T= 0 K that is every energy 
level contains two electrons. According to the Pauli's exclusion principle,lhis is the maximum 
number they can have.Such a theory has an interesting consequences.The valence electrons are 
traded between atoms and thereby move about the crystal,but cannot be accelerated and 
therefore do not contribute to the conduction.Application of an electric field cannot result in 
acceleration in the filled bond .because electron then should then gain energy; but there are no 
higher energy levels available to which they could rise.The theory of non conduction in empty or 
filled bands is of fundamental interest. AtT=0 K conduction is not possible because 
BOUNBD ELECTRON = free electron +hole , and at T= 0 K thermal energy is insufficient to 
break the covalent bond (bound electron) in free electrons and holes. 

6. According to the band theory of solids the electrons in Ihe zone boundaries are accelerated in 
a direction opposite to that of an elecrron.The eleciron with neoalivf' can be considered as 
a new entity having the same positive mass as liiai or Uie eieciiou anu uic saiiia positive charge 
having the same numerical value of the electron charge. This new enlily is given the name hole. 
The holes are not real particles like electrons or positrons,but it is only the way to look al the 
negative mass behaviour of electron near the zone boundries, we look upon the motion of the 
effective negative mass elelctrons as the motion of positively charged holes. 

7.lf holes are not the real particles then what type of particles they are? A hole plays the role of 
an anlipartlcle with respect to an eleciron,The two may even annhilate.Particles and holes in a 
Fermi gas and moving particles in Bose gas are sometimes called QUASIPARTICLES 
OR AS IF THEY ARE PARTICLES but aclully Ihey are not. 

Qasiparticles are the collective motions of particles in a solid appearing on the atomic scale. 




Quasiparliclcs are bul Itio actual particles ol the gas 


.The iiuinbcr of guasipaiicles aie not 


7 TteSence of positive charge canieis is Wtaaled by llie posilive value of Hall Coelficicnl. 
From the Cvclolron resonance experiments, it has been established lhal Holes and electrons 

'rotates'in opposite direction in a magnetic Held. 

8. A hole in the atoms of a semiconductor means the absence of one of its proper electrons,while 
the motion of of hole is collective relay motion of electron. 

9. The cooperative rnolion of the valenoe electrons in the crystal lattice is refferred to as (he 
motion of holes.ll is therefore preferable to consider the motion of a ficticious particle or 
cjuasiparticle rather than the more complicated collective motion of all remaining electrons in ths 
Vvilcnco band. 

10 The hole is not necessarily located in the iinmediale vicinity o( llio impurity atoms as it always 
attracts a nearby outer electrons to fill the gap in the structure, and a hole 'moves' elsewhere. 
Holes are formed in covalent bond that makes a hole, merely removing an electron from a 
neutral atom does not create a hole in the semiconductor sense of world.This is because by 
simply removing an electron from the neutral atom vaII create an ion which contains electrons 
.protons and neutrons with different masses which makes the ion heavy, and it is difficult to 


move such ions with electric field. 

Therefore one can conclude that a hole is created only when the electron (bound) held in 
covalent bonded solids is removed by any of the processes by thermal energy, irradiation of 
electromagnetic radiation or by the bombarding the materials with the some nuclear particles .As 
a cosequence of broken covalent bonds.there exist two distinct and independent groups of 
charge carriers lhal can support electric currents in semiconductors. The free electrons, which 
are produced when a valence electron"shakes loose" from a bond .constitute one class of charge 
carrirer .These free electrons (or conduction electrons), which carry a charge of -q, can move 
about within the semiconductor,under the action of eledric field or under concentration 
gradient,thereby producing total current which is the algebric sum of drift and diffusion in the 
same manner lhal the free electrons in metal produce current, 
the other charge carrier is associated with the valence elecrons which remain tied up in covaleni 
bonds, clearly a broken bond is associated with a localized region of positive charge; in the 
neighbourhood of the broken bond there is an excessamounls to +q. This region of positively 
charge is called a hole because it results from a defect or vacancyin the bond structure 
. JJ is not so obvious that the hole can move about in the semiconductor independentlyof the 
conduction electrons. Motion of the localized positive charge does occur because a valence 
electron in the bond near the broken bond(lhal is near the hole) can fill the vacancy .thus causing 
the hole to move in the opposite direction.The valence electron can move In this manner from 
bond to bondwithout ever acquiring enough energy to become, freeof the bond slructurd. 
Therefore, the hole can move throughout the material without involving in any way the electron. 
Figure Illustrates this process. 

The independent motion of the conduction electrons and the holes can be visualized in terms of 
the simple" parking garage analogy" illustaled in figure .The garqage has two floors,and 
contains just enough cars to fill one floor"wall to wall" FigLre(a). .Clearly, no motion of the cars 
is possible. If a car (valence eleertror) is boosted from the first floor (participation in covaleni 
bond) to the second tloor(where it ismanalogous to a conduction electron) shown in fig.(b). two 
independent kinds of motion are possible .The car on the second floor can obviously move 
throughout the second floor of the garage; this is analogous to the freedom of motion of the 
conduction elfirtrons,Furihermore,cars lhal remains on that floor,it is best describe in terms of 
the vacancy; this is aniogous to the freedom of motion of the hole. 

In ,lhe concept of hole as a mobile carrier of positive charge is an artifice that allows us 
Ihe^bound valenS^lro^ relatively comlex motion of of the assembly of all 


The concept of hole is analogous to that of a bubble in a liquid; although it is actually the liquid 
lhal moves, it is easier to talk of the motion of the bubble in the oppposite direction 
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comiconductor diode ; -P-type and N type materials taken separately are of very 
limited use. If \we join a piece of P-type material to a piece of N-type material such that 
the crystal structure remains continuous at the boundary, a PN junction is formed. 

Such a PN junction makes a very useful device. 

A PN Juction cannot be made by simply pushing the two pieces together;this would 
not lead to a single crystal structure .Special fabrication techniques are needed to 
form a PN junction 

a PN junction itself is an important device. Furthermore,practically all semiconductor 
devices contain at least one PN junction. For this reason it is essentialto understand 
how a PN junctionwoks and behaves when connectedin an electrical circuit 
Yhe most important charectristic of a PN juction is its ability to conduct current in 
only one direction, In the other direction it offers a very high resistance. 

/ 

Figure shows a PN juction just immediately after it is formed.lt is a sngle crystal. Its 
left half is P-region and the right is N-region The P-region has holes as majority 
carriers,electron s as minority carriers and immobile charged impurity ions.whereas in 
N-region electrons are the majority carriers and holes are in minority and positively 
charged ions.Electrons and holes are mobile whereas the ions do not move when 
electric field is apHied to the junction.The sample is as a whole is electrically neutral 
and soa re the P-and N-region$ considered seperately. (?) 

As soon as the PN junction is formed,the following processes are initiated:- 

1. Holes from the P region diffuse in to the N region.They are then recombined with the 
free electrons in the N region. 

2. Free electrons from the N-region diffuse in the p-region.These electrons combine 
with the holes. 

3. The diffusion of electrons and holes takes place as a result of difference in their 
concentrations on the two side. 

4. One would normally expect the holes in the P-region and free electrons in N-region 
to flow towau’ds each other and combine. Thus, all the holes and the free electrons 
would have been elliminated. But in practice this does not occur.The diffusion of 
holes and the electronsacross the junction occurs for a very short time. Afte a few 
recombinations of holes and the electrons in the immediate neighbourhood of the 
Junction, a restraining forccis sot up auloinallcally. This force is callod a barrier. 
Further diffusion of holes from P-region is stopped by the charges on the immobile 
positive ions of N-r6gion,similarly the diffusions of electrons from N-reg|ons is 
stooped by the negative charges of the immobile ions. 

5.Some of the holes in the P-region and some of the electrons in the N-region diffuse 
towards each other and recombine.Each recombination eliminates a hole and a free 
electron. In this process, the negative acceptor ions in the P-region and positive 



donors ions in the N-region in the immediate neighbourhood of the junction are left 
uncompensated. This situation has been depicted in the figure Additional holes 
Iryimj to diiluac in lo the N-reyion ure repelled by llie uncopeiiiiiiled pouiiive chin you 
of the donor.The electrons trying to diffuse in to the P-regions are repelled by the 
uncompensate negative charges on the acceptor ions, As a result,total recombination 
of holes and electrons cannot occur. 

6. The region containing the uncompensated acceptor and donor ions is called the 
depletion region.That is,there is a region which is depleted of mobile charge 
carriers.Since this region has immobile (fixed) ions which are electrically chared it is 
also referred to as space charge region.The electric field between the acceptor and 
the donor ions is called a barrier or potential barrier.The physical disance from one 
side of the barrier to the other is referred to as the width of the barrier.The difference 
of potential from one side of the barrier to the other is reffered to as the height of the 
barrier.With the no external batteries connected,the barrier height is of the order of 
tenths of a voitFor a silicon PN junction the barrier height is 0.7 V,wh6reas for the 
gemanium PN junction it is approximately 0.3 V 

Now the question is that can we able to measure this potential with the instruments 
we have in the laboratory? The answer is NO,because the instrument which measure 
this potential will draw some current and the equiibrium of the carriers will be 
disturbed. 

7. The barrier discorouges the diffusion of majority carriers across the junction.But 
what happens to the minority carriers? There are few electrons in the P-region andd 
few holes in the N-region.The barrier will help these minority carriers to drift across 
thejunction.The minority carriers are constanly generated due to thermal energy. 
Does It mean there would be a current due to the movement of these minority 
carriers? Certainly NOT. Electric current cannot flow since no circuit has been 
connected to the PN junction. The drift of minority carriers across the junction is 
counterbalance by the diffusion of the same number of majority carriers across the 

j n n.These few majority carriers have sufficiently high kinetic energy to overcome 
he barrier and cross the junction .In feet the barrier height adjust itself so that the 
minority carriers is exactly palenced by the flow of majority carriers across the 
j ■ n.Thus we conclude that the barrier voltage is developed across the PN 
junction even if no exteritel-pattery is connected. 
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transistor 


introduction 

Tha transistor and the vacuum tube both 
function as electronic ampltifiying devices. The 
amplilying effect in a vacuum tuba is based on the 
control of an electron flow in a vacuum, whereas in a 
transistor tlie flow of the charged carriers (electrons 
and holes) is controlled in a solid state semiconductor 
body. 

Ba causa the amplification function of 
transistors is similar to that of vacuum tubes and 
because most students are more familiar with Vacuum 
tubes, sorcB persons are of the opinion that the test 
method to leaTn about transistors is to start v/ith the 
Vacuum tube and apply» by analogy» this knowledge to 
the transistor. The authors believe, hov/ever, that 
this is not a satisfactory procedure, though there 
is a similarity in circuit behavior between the 
transistor and the vacuum tuba, a narked difference 
exists in the very mechanism of operation. As can 
be seen in the following para, a formal analogy can 
even lead i-o wrons conclusions as to the tehavlor of 
tte transistor. The fornal anelogy drawn only wl«n 

it will facilitate understanding. 

Tha vacuum tube can be represented as an 

equivalent resistor whose magnitude is changing 
the\ariations of the control grid bias; the result 
is the changing current and voltage across 
resistor in the output. Similarly* a transis 



be concjeived as a variable resiator whose magnitude 
changes with variations of the ba^ current, in 
tte nane transistor, ijiplyir^ this concept, is a 
combination of tte words transfer and resistor . 

An analogy can be drawn between the functions 
of tte electrodes of a transistor and the function of 
a trlode tube, Tte emitter can be compared to the 
cathodt the base to the grid, and the collector to tte 
a|Jode, A further analogy can be drawn with the basic 
configurations, the (S configuration corresponds to the 
grounted cathode circuit, the common base CB configura¬ 
tion to tte grounded grid circuit, and CC configuration 
to tha cathoda followr. Moreover, the electrical steto 
characteristics of the transistor and the vacuum tuba 
•ere very ^similar. A precaution must be taken, however, 
With drawing lurtter analogies, lest v« co^ to wrong 
conclusions, it is,always batter to contrive the ' 

ransistor as a »i«rate with Ita own phyalcal 

■pte nonana. 


j-K AH lor e 


wrong to simply compare 
gains of a transistor and of a Vacuum tuba 

”P staae. often, our concept about electronic 

core fro. tte vacuun tutea. A ^^rd 

bopcept ta ttere <■ i ... 

n I Wavs a povio,. Bajj) «n 

afjp fler. This principle is tri*a -p 

P is true for the transistor 

Causa its low input resist 

'nust always consume a 

c^t^tain aniount of power/er^rgy m +1. . 

^--•«tute.however.,eP,Ll"r "'°““- 

input resistance with no 

Therefore aw bonsu.t,tion at tte 

' ® tPls as a voltage 





ainpliiifir can ba conceived only as a special case of the 
more generali 2 ed pover amplifier (grid is legativeiy 
biased and does not draw any current). Therefore, a 
Vacuum tuba as a voltage amplifier can be conceived only 
as a special case of the more generalized power amplifiero 
Another example of the wrong conclusions that 
can be made with a formal analogy concerns the mutual 
conductance. Transistors have a ^m o|t the order of 
magnitude of 100 millimhos, a very high in comparision 
with the mutual conductance of a normal vacuum tuba. 

The point is that, befiau^ of the small input resistance 
of the transistor, the input voltage (defined, by the 
mutual conductance, as a ratio of the amode current to 
the control grid voltage) is dependent upon other 


factors in the input circuit, that is, the internal 
resistance of the signal source. Therefore, in the 
ca^ of transistor, the input current has a greater 
meaning than does the input voltage. That is transistor 
a current operated. From these two examples W can see 
ttfi basic difference in the applica'^ion of a transistor 
or a Vacuum tube. For this reason, we must take in 
to consideration four paramstess for the transistor, 

0.:a.y n:JCds;.ary lor a Vacuum xute, 

Tte output cha^^acteristies and the input characteristie s 
are maded to compaPlse the four transistor paranela. 


Tr^^nsistor 

If no collector current flows, either heoau* 
no emitter current flows or because ttere is 
no collector bias, the transistor is said to 
be ^ut off. 



2, If collector current flows, the transistor is 

\}C. 

Said to be actiMl, 

3i If the collector current varies rapidly with 

collector voltage, the transistor is 
saturated, 

4. If the collector currant does not vary rapidly 

with collector voltage but doss depend on 
emitter current, the transistor is operating 
in its linaar operating region. 

The, operation of a transistor j- 

1* The collector-base junction is biased backward. 

The colle ctor-base depletion region may reach 
the emitter base junction. If there were only 
the collector base junction, tbaiQ would be 
no currant flowing in tte collector circuit, 

2* If the emitter base junction is biased 

backward, no current flows in this junction 
either, and as a result, no current flows 
anywhere in the transistor circuit. This is 
a reiatiuBly uninteresting situation. 

3* The emitter-base junction is biased forward. 

As a result, holes are enjected from the 
emitter into the base region-this is the 
source of the name emitter. 

The holes injected into the base region 
^diffuse away from tha base emitter junction, 
but because of the geom0try(it is hundreds 
of tinBs farther to tha base connection than 
it is bo the collector) and becau^ of tha 
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:-Amplifire is a device for increasing the amplitude or the srength of a weak signal 
fed to its input terminals.Electronic amplifires.which are the best known and most imporant 
type.,are used in huge variety of devices such as radio,television.tape recorder and Hi-Fi 
(tiigh fiedelity)sound systems.mullimedia computers Radar,.Servomechanism and electronic 
equipements. 

Other devices which amplify in a differnt way include binoculars,telescopes and microscopes 
are basically amplifies the object we see.,mechanical amplifiers such as pentograph which 
enlarges drawings,hydrolic amplifiers duch as power breaks of car,acoustic amplifier such as 
air horn and an old fashioned gramophones,fluid amplifiers ,used in fludics and magnetic 
amplifiers used as theature light dimmers amd in computers. 

All electronic amplifiers work in much the same way .though they differ widely in design and 
in the degree of amplificalion(gain) they produce.Gain can be measured as a proportional 
increase in voltage,in current or in wattage (power). 

The heart of an amplifire, and the device that actually does the amplification, is either a 
thermionic tube {valve)or a transistor or an Integrated circuit.Nearly all electronic amplifiers 
have several of these plus a set of resistors,capacitors and inductors to control the 
curentthrough the basic amplifying components.Vacuum tubes and transistors use different 
principles to perform the same function. Basically .they act as variable switches where the 
flow of small current through one part of the device controls the flow of a larger current 
through another part. 

One of the most important charecteristics of an electronic signal is its amplitude,frequency 
and phase.A signal may have a desirable waveform nad frequency, and yet be unusable if its 
amplitude is too samll.This is because the circuit or the device that operate in response to 
signals require definite level(amplitude)for proper operalon. A simple example of this is loud 
speaker. If the signal level Is small .the output from the speaker will not be able to hear by 
our ears. 

The function of an amplifier is to increase the amplitude of a given signal without affecting 
the other charecteristics such as frequency .Basically an amplifier is a circuit that recives an 
input signal and delivers a s an output the same signal but with the increased in amplitude. 
Every electronic amplifier has been charecterised by three important properties or 
charecteristics that makes it suitable for some applications and unsuitable for the others. The 
most important of these are GAIN,BANDWIDTH,& DISTORTlONS.gENERALLY WHEN 
ONE TRIES TO INCREASE THE GAIN OF ANY AMPLIFIER .ONE GETS DISTORTIONS. 
The test of an amplifier is that for increased gain one must get minirnum distortions. 

Gain is the term used to describe how much amplification the amplifier can provide. It is the 
ratio of output to input votaae.current and power. An amplifier with ga in of 20 will deliver an 
output which will be 20 thimes the input signal. 

Bandwidth.'-A ctuallv the gain of an amplifier Is frequency dependent.This means that gain is 
not constant for all the frequencies under conslcleralions.The way in which the gain of an 
amplifier changes with frequency of the input signal is describe by its frequency 
response,Normally the frequency response has been expressed by the graph between its 
gain on Y-axis and log of frequency on the x-axis.The shape of the curve is the 
charectrerlstic of the amplifier in question.For example for Radio frequency amplifiers the 
curve is sharp with narrow bandwidth where as for audio amplifier it is broad and flat. 

The band width of an amplifier is the range of frequencies over which the amplifier gain is 
fiiTioct f*n^ncMnf ''■'H hn ni-hipifori h*' Hrqwino 3 unP horizontally parellel to frequency 

. .. ii...forpradcalpurposesthfe 

considerd to be the range of frequencies between the two points on the frequency response 
curve at which the gain is 0.707 times is maximum gain 
aSTORTIQNS :-tHE OUTPUT OF ANY AMPLIFIER IS E XPECTED TO BE E)^CT LY 
IPENTICAI. TO THE INPUT EXCEPT FOR T HE INCREASE IN THE AMPLITUDJi . 



EmTEB BASE ’'tlXLECTon 
i P N ■ P 

REVERSE leakage J I 

• / t 

roRwAno currekt "?■“ 

If '-: 


PART OF major 
HOLES COMBINE 
WITH ELECTROHS 
TO PRODUCE 
EMITTER-BASE 
CURREHT 


MAJORITY OF HOLES IMJECTED 

NTo BASE. Diffuse through 

AMD COMBINE WITH ELECTROhS 
FROM OATTERr. HiGH NEGATIVE 
POTENTIAL attracts HU.CS 




■M M P 



I I wilnANb 

61 AS 


electron 

DRIFT 






hevcrse 

bias 


ELECTRON 

DRIFT 


transistor 

(COMMON base CONNECTION) 

Figure 








JUNCTION 

TRANSISTOR 

Figure 1. i' 
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BASE-EMITTER BIAS ADJUSTMENT TURNS TRANSISTOR "ON" OR “OFF" 
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reverse bias on tha base colls ctitDn,most of 
tte hoias injected into ttie base are svspt' 
in to the collector by the bass collector dipoij 
jllield;*only a few are lost to tte base. Thus 
tha collector current is slightly lass than, 
but almost eyal to tha emitter current. 
Remember that holes in the n-type base are 
minority carriers and the fields in the 
depletion region push them towards collector, 
Clearly, the nane collector cones from the 
collection of the minority carriers in tha 
base • 
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O scillator , 

V/ithout Oscillators, radio and talevision 
would bs totally impossible. This is be causa an 
Oscillator iornis tha nucleus of every typical radio 
and television transmitter and an essential part of 
every superheterodyne radio receiver. In television 
recaption, oscillatory circuits are equally indispensable, 
So, the oscillator is, in may respects the most vitally 
important of all electronic circuits, Ifespite^their 
obvious importance, hov/aver, oscillator circuits in 

I 

their basic forms are usually quite simple. 

Om might ;|jrueiy claim that an oscillator is 
Jtha most es^ntial, important and valuable of all 


I 

electronic communication devices in present use, right 

+0 inverlr«,'!r5. 

, from radio to cellular phoiss^ V/hat makes an oscillator 
so special ? Technically it is a form of amplifier; 
but soon find there is more to it than that. 


In most general sense, v/hen a voltage or 

1 

current varies in valve about a certain level, ve have 
an oscillatory condition, Tte variations te of periodic 
occurence j indeed, the term oscillation and alternating 
cvu’rent are not fundannntally different nature, Most 
oscillations involve periodically repetitive waves, 
symnetricaliy displaced about the base line., Irresularly 
spaced waves, and wavetrains made up of excursions of 
one polarity only, may be considered oscillatory also. 

For the purpose of practical :Sle ctronics, 
v^a defined an oscillator laa a device whi.chvautomatically 
converts direct current pov^r to power, in.the form of. 



alternating or pulsating current or voltage, it 
might appeaf that the alternator converts dc to ac 
because its field windings are enargizad by direct 
current and, alternating current is delivered by its 
output windings, 

. A second"conversion'* device which cannot 

qualify under our definition an oscillator^ is the 
amplifier, , 

What is an Oscillntor ? 

An electronic oscillator may bj defined in any 
ons of the following four ways 


• , It is a circuit which converts dc enargy intc 

lac enargy gt a vary high frequency, 

, 2. ,,lt la atieleotronlo davice which is a sourra 
, oC alternating current or voltage having ' 
: «lnE, square or savrtooth or pulse shape 
■ I i(waVG of short duration), 

5 - , :it is a Circuit which generates an ao out put 

i. frequiring any externally 

; ,applied input signal, 

'*• It ie an unstable anplifier, with a positive 

feed back, 

an output signal who® 

P^r level is generally high. Tte additional pov«r 

IS. suppii 0(3 by .f-ha external ^ 

■ source, tfencfi an 

amplifier 13 as^eniM n 

^ ^ an energy convertor i,e, it 
takas erergy ir„ .|.j^ 

=»™rts it into — .(tnt^ry) and 



The process of enargy conversion is controlled by the 
input signal. If there is no input signal, there will 
be no energy conversion and'he nee there is no output 
signal. 



input 

DC povers 
input. 


An Oscillator differs from an amplifier in that .the 
Oscillator does not . require an external signal either 
to start or maintain energy conversion process. It 
keeps producing an output signal so long as the dc 

power source is connected. 

Araplififir increases the amplitude of a signal 

without affecting the freq\sncy component, 

Vltere as in oscillator, amplifier serves the 
purposa ol ImpEftlng energy to the oeoUlatory circuit 

In most ®»ral sense an oscillator is an 
tuned amplifier with proper positive feed back. 

Componentfl of an oscillator 

Es^ntielly there are three basic parts of an 

“^"'oscillator, 

1 , tank circuit 

2, Amplifier 





3* feed back network or circuit. 


‘tankCrciicL- 

s... 



/ 


^ - 


...— 


pu'iv/- cf 

part or fraction of tte output of an amplifiar is feed 
back to the input-in-proper phase so as to act as 
a positive feed back amplifiar. 

It should te made clear to tlie students that 
a transistor circuit act as an part of a oscillator 
does not oscillates, it is the tank circuit/any other 
quartz crystal. Which produces damped oscillations and 
aniplifisr substitute the energy to compensate for the 
losses and maintains tte out put undamped, 

l^he Block diagram of an oscillator is shown in Fig, 



FeeD Back 


t<J£TU}oHK 

L or c 


The transistor used in amplifiers is used 
LC circuit oscillating with frequency F = 


Transistors used in 


an oscillator circuit 


to keep the 

_1 _ 

2 JTc 

does not 






;hat feedback energy and the input energy of an 
jjiplifiar be in pha^ (positive feed back|. 

^slc orincipl^ 

The parallel LC circuit whsn aniployed in an 
oscillator circuit is called the tank circuit. The 
inductor and capacitor fioc the frequency of oscillation. 
Tha principle of operation of a sinusoidal oscillator 
is quite simple and straight forward, First the tank 
circuit is excited into oscillations by a sergue of 
current. The ac voltage is feed back to the tank circuit 
is amplified by the transistor. Part of the amplified 
(B) is feed back to the input (tank circuit) by either 
inductive or capacitive coupling to compensate for pov^r 
losses in tha tank circuit which causes the damped 
oscillations. This regenerative feed back results in a 
constant amplitude, ac output of the sate frequency as 
that of tank circuit. 

Let us assume that an ampli^i^^ ^ 

and Ap gain \fith feed back. If B is the fraction of 

output feed to input than. 


+ 


1- Ap 


Now to get infinite gain or output without any input signal- 

Ap B oOwhan either 1-A'3a Ocff’Ap*''lo^P“ 1. 

A 


tills condition is known as the Bark Hausen criterion 
sustaining escalations in an escalator 

Circuit, 



itsalf <3o any oscillations, it ia thi) LC tank circuit 
that oscillates when a small p^Use of hieh currant fio^s 
through it. ft is the ampliilsr-s that sixes tha lick 

at right raoment. 

■' Regardless of its type any oscillator may te 
divided into three basic elsnnnts, 

Ttfi fre quency, deter mining net work/of ten Calls i 
resonator) 


2, Tha amplifin? 

3 . Tha load or output circuit. 



The out put power of tha amplifier (divided-as 
betveen tha load and tlia feed back loop) must be 
sufiiciantly large to supply both 
A second requirement for maintaining oscillation is 






Oscillators 


Slactronic Oscill,ators generate sinusoidal and 

I 

non-sinusoidal ac voltages# 

Oscillators are used in every branch of 
electronics, such as radio, t9levision,radar, 
and transmitters^ ir)vcTi:e'!)'S. 

An LC circuit, may be shock-excited (triggeredj 
into oscillations, but unless tie losses of the 
circuit afe replaced, the oscillations are 
damped and die out. 

Special arrangesenta ol feed circuits, 
usually transistors in conjucations with coils 
and capantors, nay supply tte energy required 
to overconB resistance losses in the tank 


irouit and sustain oscUlations. 
ten a transistor is connected so that it has 
,ositiw or regemrative, fe^d ^ack'it can be 
jsed to generate alternating current, As a 

^..ral rule this ty^ot electronic circuit 

is called an oscillator, issentially the 
transistor is usd as an ampliffe=^ 


„ .1., 1 ■■ i J ■ 

f:,. ■. ^ ■ . 




input, 



Points to re ms mbar 


& mlconductor3 and transistors j- 

• A semi-conductor has a resistivity between that 

oi a conductor and an insulator, 'Examples 
semiconductors are germaneium and silicon, 

2. N-type germanium contains donor impurities 

material having live valence electrons. Om of 
these electrons connot form an electron pair 
bond, and is called an excess electron, 

5. Comon donor j^terials include arsenic antiaony, 

and boron, 

P-type germanium contains acceptor impurities 
material having three valenoa electrons. Since 

faience electrons are me dad to complete 

all adjacent electron pair bonds, a hole is 
created, 

A hole can be considered a positive charge which 

diffuses or drifts through a crystal. The 

drift of holes constitutes the current. 

Forward bias of a p-n junction causes a heavy 

current(liow of majority carriers). Reverse 

bias causes very low current (flow of minority 

Carriers), 

constitutes the principal current through 
tte p-n-p transistor. Siectron constitutes 
-tte principal current through the n-p-n 
transistor, 

Ite emitter, base and collector of the 
transistor are comparable to tie cathode, grid 



and pi ate re spa ctively, 

The emitter base junction is normally biased 
in the forv;ard (low resistance) direction. 

The baife collector junction is normally biased 
in the reverse (high resistanoe) direction. 
Collector current depends upon the emission 
oi Carriers from the emitter-base barriers. 
Transistor nfians a voltage transferrad across 
a resistor ( Transfer + resistor ) > 

Transistor shorts are usually caused by over 
loading, thus causing the temperature to rise 
to a Value that destroys the junction. 

Careful attention should be given v/hen 
soldering transistor in a circuit to avoid 
overrEating the pigtails. 

V/hen connecting a transistor into a live 
circuit, the ba^ lead must always be connected 
first. In disconnecting the transistor from 
a live circuit, the base lead must be 
removed last, 

A low wattage (25 watts) solidering iJon 
should be used while connecting and 
culscquie cting tii'ansiovor Idaus. 

To avoid destruction of a transistor by 
excessive teat wten soldering or unsoldering 
its leads a low wattage soldering iron (55 
watt or less) should te used. To conduct 
heat away irora the transistor, the transistor^ 
lead being soldered should ba used. To 
conduct heat ^ay from the transistor, the 














FIGI RK Bipolar Junction Transistor Construction and Packaging. 


Metal Can Packages 



(b) 

Bipolar Junction Transistor Package Types, 
(a) Low-Power, (b) High-Power. 
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ield lead (Connected to Case) 
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Approximate Order of maximum ! 

T\-pc- capacitance raiige working jj.d. i Typical uses 

and tolerance. Volts. ■' 
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i^A.R.RAMAKRlSHNAN 


. tsisiors and capacilors arc j 

] used in mudi larger quaiililics - 
Viliiin any Ollier type of com- i 
ffliDul have you ever wondered 
iilcffliircslockcd and sold only in 

(tod values’. For example, llic 
softcsisloRi commonly available 
itniarkei,Siiy from 1 kilohms, are 
11 ,1,5k, 1.8k, 2.2k and so on. 
Iteislor manufnclurers produce 
sill fixed values only, and not all 
5 i)lc values, llicn, how arc ihesc 
(B arrived al? 'Hiese are ncillicr 
lom numbers nor any fancy 
itesbutarebasedon iheprinciplc 
fomciric progression, llic numbers 
uniniheexample above arc more 
Micnly known as ihe ‘preferred 

!llCi) I 

■flic ciinccpi of preferred values 
iiidard values) was suggested by 
iih jlcnardJn 1-870. I Ic had ' 
isScdii’smi’ilar .Sclicme lo reduce 


TAllLKI 1 

I’ri.[i.rrc(l Values 

i E6 

EtZ 

E24 

1 1.D 

1.0 

1.0 



1.1 


1.2 

1.2 



1.3 

1.5 

1.5 

1.5 



1.6 


1.8 

1.0 



2.0 

U 22 

22 

2.2 



2.4 


21 

21 



3,0 

3.3 

3.3 

3,3 



3,6 


3.9 

3.9 

*' 4.1 

4.1 

*1.7 


5.6 

.5.6 



6,2 

6.0 

6.8 

6.8 


'Hr 

1,5 

I-, 1', 

■JIS' 8.2 

8.2 


Ullp.- 

9.1 


■ '■vs'ris 

■ ■ l icatlori 

■]■) 


Ibccnonmous number 

- ofcordiigc.sizcsdscd 

1.00 for ballon moorings 
in the Frcndi army. 
Elcclronlcinduslrics 
siibscejucntly adapted 
these series of 40 

,15 numbers for ciisc 

i.ig of production and 4.2 

1,21 stock. 

1.24 

Standard 
'■^0 E series 
1.33 

By definition, a 
geometric progres- j 
sion Is written as 
;,g ' N.a.r‘ s. 

1,54 where a is the first 

i,.s8 term, . s 

U2 r is the common ratio, 

us and N is the nth term ^ 

i.f>9 in the gcomciric 

.series. ‘ 

‘•''® Ucnard.sug.gcstcd ^ 
a formula for 
, J'" choosing ihc 

j'jj common ratio ‘r’. If 

2,00 'k' represents the 

io.s number of unil.s in a 

110 decide (i.c. number 

ZI.S of distinctive values 

2.2t in a decade), then the 

common ratio ‘r’ Lo 
be chosen for 
optimum slock is 

i m ♦ 

2.61 (k'''root of 10) 

2.61 l ie also suggested 

' 2,14 iQ clioosc first term a 1 

2.«0 _ j _ 

’ ■ llicrcforc, the 

f,'’ series becomes 

‘ N = lxl«yi()r> 

6 116 For exam pie, if it 

j ,24 is ret|uired lo clioo.so 
12 3..32 three distinctive 

ELEGTBONICS FOR YOU JULY 101)3 


3.40 values in a decade, 
substitute k = 3 in 
the above equation. 

It 

3.83 

2 p 2 lienee N — 1 X 
4'.02 ( 2 . 2 )-‘ 

4.12 ■ 'ITicn values in a 
4.22 dcciiile are 1.0, 2.2 

4.32 and 4.7. (Note ihal 

4.42 iim values arc 

rounded off.) 

' We call Ihc above 

as li3 series in 
electronic com;v- 
j j'li ncnl slandau.,. 

5 , 2 ,\ denoting llirce 

6 5.36 preferred values in a 

. 5.49 dccatle. 

12 5.62 TiieD scries will 

s.w be 1.0,2.2,4.7,10, 

^ , 22,47,... and so on 

in the subsciiucnl 
tleeaLles. 

.* Ollier ‘preferred 
J 55 value senes are L6. 

„ (,8i 1:12, ['24, £48 and 

6 , 9 R £96. Applying the 

. 1 .S 1.15 same principles, the 

1.32 scries and their 

r..so 1..50 decade values are 

shown in Table 1. 

Manufacturers 
normally clioosc one 

* 845 '-■s'-'f*'* 

8 66 coiiipoiicnls accor- 

5 , 8 , dingly. Usually, 

9 ,u 9 9.09 rcsislois are available 

9,31 in £12 and £24 

9.53 9.53 series, capacitors in 

9.16 ij) anil £12 .series 

__ (eleeirolylic types in 

£6 and others in £12) and poieii- 

lioinelcrsinBSseries.Clcneriilly, ^4 
.series onwards are used only lor 
precision components. 
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Lesson #3 
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Power Supplies - Lab 


lientiftoation of ^ 

1 jgen adopted Jq ®^^ndard component used in radio circuits by means of color coding has 
1 components ^tme by the Radio Manufacturers Association, Many of these 

jd controls industrial electronic circuits, such as amplifiers, time delays, 

small moldeci t^he items thus coded are resistors of 2-watt rating or under and 

and wattage capacitors. Larger resistors are identified by the resistance value 

marked with tnarked on the body or support., Larger capacitors are similarly 
colors are and voltage rating. The numerical values of the different 

in Fig. 1. 


COLor^ 

Black 

Brown 

Red 

Orange 

^®ilow 

Green 

Blue 

Violet 

Gray 

Wlutfe 

Gold 

Silve^ 

COlQj. 


SIGNIFICANT 


MULTIPLYING 

FIGURE 


FACTOR 

0 


1 

1 


10 

2 


100 

3 • ■ 


1,000 

4 


10,000 

5 


100,000 

6 

• 

1,000,000 

7 


10,000,000 

8 


100,000,000 

9 


1,000,000,000 

5% tolerance 


0.05 

10% tolerance 


0.10 

20% tolerance 


0.20 


Fig. 1 - - RMA Resistor Color Code 

S6V6X&1 Sv 

‘ In ohms. of marking the color have been used to indicate the resistance value 
^’^ee Of the more common methods used are illustrated in Fig. 2, 


^ Significant Figure 
Significant Figure 
^'dtiplying Factor 
-Tolerance 


Znd Significant Figure- 
Ist Significant Figure 
Multiplying Factor- 
Tolerance 


(a) Method 



I (old) ^ 

Fig. 2 - Methods of Color Coding Resistors (continued on page 2\ 




ELECTRONICS 

(Figure 2 continued from page 1) 


1st Significant Figure 
•2nd Significant Figure 
-Multiplying Factor 
-Tolerance 




= ' 

■5 


1 


1 


_ 


(c) Method 3 (new) 

Fig: 2 -- Methods of Color Coding Resistors 

In Figs. 2a and 2b the body color indicates the first figure of the ohmic value olj 
resistor, the end color indicates the second figure, and the band or dot at them 
of the resistor indicates the number of reros following the first two figures. 

Bccy - Orange - Indicates 1st Fig. • 3 
find - Black - Indicates 2nd Fig.: 0 
Dot or Band - Green - Multiplying Factor: 
100,000 

Resistance = 3,000,000 ohms 



Black 

Orange 

Green 


If no gold or silver band is on the resistor, the actual value may vary 20Xalm 
below the Value indicated by the first three, colors. In the case of the first eni 
the ohmic value may vary 2,400,000 to 3,600,000 ohms. 

Example II Body - Red ~ 2 

End - Red = 2 
Dot or Band - Red = 100 
No tolerance Color = 20% 

' Resistance = 2200 ohms plus or mins# 



A more recent method of coding resistors is illustrated in Fig. 2c. The ohnil' 
of the resistor is indicated by bands of color. The first band indicates the let 
the second hand indicates the 2nd figure, the 3rd indicates the multiplylagficl 
the 4th Indicates the tolerance. 


Example HI 



Green - Ist Fig. = 5 

Blue - 2nd Fig. = 6 

Orange - Multiplying Factor = 1000 

Silver - Tolerance = 10% 

Resistance - 56,000 ohms plus ormlniie 



Semiconductor davicas nuutErjp.g; Systsm 


From the tim.^ sfi miconductor engineering came to 
existance several numtHring systens v/ere adopted hy 
difference countcies. Hov/ever, the accepted numbering 
system is that announced by pi'odection standardisation 
authority In Belgium. According to this system of 
numtering semiconductor devices: 

- 1 , Ivery semiconductor device is numbered by live 

alpha-numeric symbols,compaising either tv/o letters 

and three numters(e .g.BP 194 ) or three letters and 

/ 

two numbers (e ,g,BFx63) when two numbers are 
included in the symbol (e,g,BFx65), the levies is 
intended for industrial and professional equipment. 
V/hen the symbol contains three numters(s ,g.BF194), 
the device intended for entertainment or consumer 
equipment, 

2, The first letter indicates the nature of Semiconductor 
mate r i al, f or e xample : 

A = germanium 
B = Silicon 
C = gallium arsenide 

R = compound materialCe .g,cadmium Sulphiole), 

Thus aC 125 is a gariiKH.niura transistor whereas BC l49 is 
a silicon transistor, 

3. The second latter indicates the device and circuit 
function: 

A = diode ; B = variable capacitance diode 
C = A.F.Iow powered transistor D = A.F. pov/ar 

transistorJ 

^ s Tunnel diode, F = H,F,lo\/ poar transistor, ® 

G = multj.ple device H = Magnetic sensitive diode. 



K = Hall effect device 
L B H.P, poer trancistor 
M F Hall-9ffect modulator 
p = Radiation sensitivve diode 
Q s Radiation generatinij diode 
' R = Thyristor (SCR or triac) 

S = Lqw power switching transistor 
T = Thyristor power 
U = power switching transistor 
X = diode,mulliplier 
Y = poer device 
Z = Zam.r diode 

I 

I 

I 

Data Sh-e^jfc -fcnr ' VramsfshTfS 

i\Jorn<r)^i<^-lnjLre ! Tujt a Se.JijloJL-nu-iinh^. 

TBe ItHenr X/r)oUcaix«TO jUH S^Twi'ccnoc^citry 

'TnoixKx.aX . 

A ^eTmoi'niu/iin SxlJZnccm 

Tfu. S^cnnd (iHTvaTriJl^ C'ncUxxxieji JUlc. T7)cum OLjb^JLtcofeijj). 

A - Dejjec^oyi olo/^Gi (.tL&tiol joto de^YnodMloJ^rnn ) • ^All^ 

^ ojh,q^Iq^ Ca|aa.ul'toL/noL oLuoqGj. C VaTcxc^Tur 
C- ^ piTJisiiMi/rtCx^ fir\^I^Sb:cj3J±z^ 

0 - Powfi/r cwnnlafi^ttenr AP 

^•9* Ad 11/9 , 

P- -/W RPa|3/3£tccxir^ 

V- cLoc^ e.g., ^y/2e, ay/2g 

2- YoJLtcs5<i ' ^3. 2 / M 9 , 

2N - rti/tj 9Lw<±iznf,s e.^. 2. N 2 css a2^/2222 

In/- e.^ /n; goo| 




Transistor Das Ignat ion Systems 

a) tha oldSuropaan cocfe 

b) tha navf^luropeanlcods 
a) Tha Old Europe an Code 



First letter Sacond latter Third letter 


The first 
letter is 
always an 

0 


1 / 

A Dcode 

/ 

C Transistor 


vi/ 

P Photosenoitive 


R Diode with Z Zhner diode 
re sistor 
character sties 
b) Tha few Siurooean Coda 

A F ioa 


Numbers 

4 / 

One or more 
numbers 
relating to 
Design, 


FjJst 
le tte r 

A Germanium 


Sacond letter 


Diode 


'Serial No# 


B Silicon 


Transistor 
for audio 
ampl ification 
Power Transis¬ 
tors for (of* ampl i») , 

Tunnel diode. 

Transistor for 

R,F, Amplification, 

Power Transistor 
, (for R.F,Ampli.) • 


For comnercial 
Applications, 

itras is bet¬ 
ween 100-999* 


•xl/ 

For other 
than 

comnercial 

application 

the S3 rial 
number 
consists of 
a letter & 
tur figur 
e.g, Z 10 
y 12 etc. 



p photosensitive 
Semiconductor 

S j Sv/it ch ing Tr ans i st or s 

T Thyristor, Shockley 
diode controlled 
rectifier 

U Pover switching 
transistor 
Y Power diode 

Z Zener diode 


A T Z 10 
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Device Nomenclature 


gEuropean nomenclature 


I.Tapaneae Nomenclature 


The part number is an essential part of the device identification process. 
Depending on where the parts are made the part numbers will mean something 
different. For example, The European nomencalature is different fron the 
Japanese nomenclature which is different from the North American nomenclature. 
Parts of each of these nomenclatures means something different. They 
represent information that is important to the way the device is used. For 
example, what inatierial the device is made out of, applications it can be 
used for, and a series of number that distinguish that part from all others so 
one can find device specifications and parts that may be compatible with the 
part that Is being looked up. 


European Semiconductor Numbering System 


Bim.90 

I I I Third, Fourth, Fith Charactar(Serial Code) 

I I y## Industrial service (No letter Z) 

II ## is a W## Registration number from 10_99 
I I 100- Device for consumer or entertainment 

I I 999 use. 


-Second Iieter(Type)] 


First letter— 
(Material) 

A Germanium 


B Silicon 

C Compound Materials 
such as cadmium 
sulfide or gallium 
arsenide used in 
semiconductor devices, 
(energj^-gap band of 
1-3 or more eV.) 


A LOW power diode, 

voltage-variable capacitor 


B Varicap 

C Small-signal audio transistor 


0 Materials with an D Audio power transistor 

energy gap of less 

littp://zeus.cedcc.psu.edu/semi/notnenc,htnil 
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than 0.6 eV such as 
ijidiuin diiLimonide. 

R Radiatioii detectors, E tunnel diode 
photo-conductive cells, 

Hall-effect generators 
and so on 

F Small-signal RF transistor 

G Miscellaneous 

H Field Probe 

K Hall Generator 

L RF-Power transistor 

M Hall modulators and multipliers 

P Photo diode, photo-resistor 
,photo-conductive cell(LDR), 
Radiation device. 

R Low-power controlled rectifier 

S Low-power switching transistor 

T Breakdown devices,high-power 
controlled rectifier,Schottky 
diode, Thyristor,pnpn diodes. 

U High-powered switching transistor 

X Multiplier diode 

X High-power rectifier(diode) 

Z Zener diode 




Japanese Nomenclature 


i ii iii iv y 
23 c 02D A 


the number of effective 
electrical connections minus one. 


ii) For a semiconductor registered 
letter is always an s. 


with the EIAJ this 


iii) Third letter designates the polarity and application, as follows: 

A PNP transistor, high-frequency 
B PNP transistor, low-frequency 
C NPN-tfansistor, high-frequency 
D NPN transistor, low-frequency 
B P-gate thyristor 
P N-gate thyristor 
H N-base unijunction transistor 

http,//zeus.cedcc.psu.edu/semi/nomenc.html 7 /l 2 / 200 | 
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j p-channel FET 
X H-diantinl FET 

M Bi-di^i^cLioiidl Liiode thyristor 

iv) These figures designate the order of application 
for ElAj registration, starting with 11. 

y| This letter indicates the level of improvement. 

An improved device may be used'in place of 
a previous-generation device , but not necessarily 
the other way around. 


Return to Semiconductor Page 


Please direct questions, comments or problems to the Webmaster 
last modified: Mon Sep 25 14:56:53 EDT 1995 
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Experiment 1 

Electronic Familiarity 
Identification of Electronic Components 

Objective; The object of this lab is to examine and identify several electronic devices. 

Applications: 

Many individuals work with a variety of electronic components during a typical work day. Scientists, 
engineers and repair technicians all must be able to recognize a variety of components by sight in 
order to accomplish their jobs, 

Time: One half hour 

Introduction: 

Electronic devices and components of modem electrical circuits take many appearances. Looking 
into a radio or calculator to see the working parts will baffle most people. For you to have a better 
understanding of electronic devices and components, you need to be able to recognize some of the 
more common parts, Because of their great variety of colors, shape and sizes it is possible to include 
only a few diagrams in this lab. Catalogues from Radio Shack, Mouser, or Newark are good 
references for pictures. 


SEMICONDUCTOR DEVICES 


Dtodas 

-dUh- 

-{>h 


Thermlstor 


Rectifiers Photocells 



Integrated circuit 


Transistor 






Materials and Supplies: 
microscope and/or stereoscope 
liand held magnifier 

decti'ical meters (voltmeters , ammeters, ohmmeter s, or multimeteEs) AC/DC power source 
samples of electronic components from old radios, T.V.'s, calculators including, 
samples of wire (10 cm) 


l'ttp;//matsel,mse,uiuc.edu/~tw/sc/a.html 
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coaxial cable 
capacitors 
choke coils 
diodes 
fuses 

integrated circuits 

flashlight bulbs 

light emitting diodes (LED) 

photocells 

tansistors 

resistors 

semiconductor rectifiers 
zener diodes 
solder 

thermistors , 

transformers 

potentiometer 

micro-chip 

vacuum tube 

photoresistors 

General Safety Guidelines: 

* Students should be careful of sharp edges while handling the small electronic devices. 
Procedure: 

1. Spread some of the electronic devices on a piece of paper on your table or desk. 

2. With the^naked eye observe the appearance and shape of the devices. 

3. Examine each device with a hand lens magnifier. 

4. Use a microscope or stereoscope to look for details, especi ally on the transparent 
http://matsel .mse.uiuc.edu/~tw/sc/a.html 
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devices. 

5, In your notebook make a rough sketch of the devices and label each diagram, 

Questions: 

1. Which devices can be identified as metal/nonmetal conductors? 
j, Wliich devices include semiconductor materials? 

), Which devices will resist the flow of electrons? 

4. Which devices will allow the electi'on flow in one direction only? 

5. Identify the uses for five of the examined devices. 

6. Identify five devices used in microelectronics applications. 

Teacher Notes: 

’Teacherpreparation time is about 10 minutes. 

’ The lab time depends on the number of devices being observed. 

* A "junk box" may contain many of these items. Check with a local electronic repair shop for 
discarded devices or have students bring old broken or discarded parts. 

* To help students identify the devices make electronic catalogs available. (Radio Shack, Mouser 
Electronics, etc.) 

* The teacher may want to break open some of the devices with pliers or a hammer to help students 
see what is inside. 

Answers to Questions: 

1. Wire, cable, choke coils, solder, flashlight bulbs 

1. Diodes, IC chips, LED's, photocells, transistors, thermistors 

!• All materials resist the electron flow to some degree. Semiconductors and insulators 

have more resistance than metals. 

A Diodes, LED's, rectifiers 

5. All solid state radios, TV's, printed circuits, calculators, computers (see glossary for 
®ore help) 

A Integrated circuit (IC chip), diodes, transistors, photocells, LED s 

JilsslLah 
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Experiment 2 

Hot and Cold 


Temperature and Resistance of Electronic Materials 

Objective: The object of tliis lab is to show how temperature affects the conductivity (resistance) in 
various electrical materials and devices. 


lleview of Scientific Principles: 


Heal: As heat is applied to a crystalline solid, we say "it gets hotter"; meaning the temperature 
increases, On tlie atomic level, the kinetic energy of the atoms has increased which means the atoms 
are moving faster. However, in a crystalline solid, the atomic movement is limited to vibration 
around stable lattice positions. As the temperature increases, the atoms vibrate at a greater amplitude 
and move farther from their stable lattice positions. This motion has a negative effect on the ability 
of the material to conduct an electric current, causing it to have a greater electrical resistance, 


Metals: In a metal, the valence electrons are thought of as being shared by all the positive ions. 
Therefore, the electrons are free to move throughout the crystalline lattice. The electrons move 
randomly throughout tlie crystal, until an electric Md is applied to the material. Then the elei^ic 
field forces the electrons to tnove in a direction oppesite to the field. Actually, the electrons srill 
move somewhat randomly, but with a superimpos^ "drift". This produces current. As the 
temperature increases, the positive ions in the crystal vibrate more, and more collisions occur 
between the valence electrons and the vibrating ions. These collisions hinder the "drift motion of the 
valence electrons, thus reducing the current In sumraaiy, for a metal, an increase m temperature 
causes an increase in resistance. 


Semiconductors: In a semiconductor, at 0 K, valence electrons are in filled ener^ 
formed by electron pairs filling the energy levels). They do not respond to an applied electnc field to 
produce current flow. In the presence of an electric field, the electron inoUon is sull random no et 
motion in one direction occurs (no current flows). These filled energy levels, which the valence 
' electrons occupy, form the valence band. In order for current to flow, eleettons must Ifrom tije 
filled valence band to the empty conduction band. To make tliis oiove requires ener^ wh^ch^n be 
ia the form of heat, amportanfthe electrons do not move from a place" 
valence band to another "place" called the conduction band The electrons the^onduction 

with the valence band and acquire enough wergy to have the energy electrons will 

band. An energy change occurs, not a position chmige,) At room J valence 

bavethe ener^need^ to jump to the conduction band. As one e e^on 

band and into the conduction band, a hole (vacancy) is produced m ^ 

electrons in the conduction band and the coiresponding boles in lev e .. i 

charge carriers. When an electric field is annlied field and the holes 

The dectrons in the conduction band drift in the direcuon opposite to the 
, drift in the same direction as the applied field. Thus, cuirent is produced 

wterial U increased, more valence electrons acquire Bufficientenefj^ -mtureir increased the 

W (producing holra), so more current flows. It is stiil tme that ns the '‘S'^'tr rZia’n 

lima vibrate mote and oanse more collisions with the drffing elections. Howavat, this opposing 

•ffect is negligible, compared to the increase in charge earners. 


■ %licatioiis:' 

■different types of materials respond de^ce will be 

designing a circuit must be able to predict if the conductivity of each material 

bttp://matsel.mse.uiuc.edu/~tw/scA).html 
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Hot and Cold 


within an acceptable range over the expected temperature range of operation of the device. 


Time: One hour 

Materials and Supplies: 

heat source for boiling water (hot plate preferred) 

5 beakers for water baths 
thermometer 

choke coils or resistance spools 
germanium diodes 
thermistors 

light emitting diodes (LEDs) 
carbon resistors 
glass rod (5 cm) 

2 digital multimeters or a voltmeter and milliammeter 
wire connectors with alligator clips 


power supply (0 to 12 volts DC) 

General Safety Guidelines; 

* The heat source could cause burns. Exercise caution. 

* Be careful of electrical shock, 

* Handle meters and samples with care. 

* Wear safety glasses. 

Procedure: 

1. Set up five water baths of about 100-200 ml of water in beakers at the following 
temperatures; boiling, 75 ° C, 50 ^ C, 25 ° C. and ice water. 

2. Measure the temperature of each bath with a thermometer, thermistor, or 
thermocouple. 

3. For measuring the resistance of the device (choke or resistance coil) set up the 
multimeter to read ohms and connect as in die following diagram. 

http;//matsel .mse.uiuc.edu/~tw/sc/b.html 
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(Carefully holding on to the lead wires so as not to burn the fingers, immerse the 
coil into the boiling water bath, until a stable value is received (for about one 
minute) and record the resistance in the data table. 

5, Follow the same procedure in the 75 50 25 ° and ice water. 

6, Remove the coil and attach another device to the meter, following die same 
procedure for measuring the resistance. 

Pita and Analysis: 


CONDITION 

TEMP.C 

CHOKE COBL 

GERMANIUM 

DIODE 

THERMISTOR 


0 

R 

0 

R 

0 

R 1 

° 11 R 

Boiling water 

100 

^1 






d 

Hot water 

75 







nrn 

Warm water 

50 

1 

1 




1 1 1 

Room temp 

25 

__ 



1 



d 

Ice water 

0 

r“ 

mu 




m 


For each device, draw a graph, with the temperature (x-axis) vs. resistance (y-axis). 
Questions: 

1, Which samples had a change in resistance as the temperature increased? What 
direction was that change? 

2. As their temperatures increased, what happened to the resistance of the 
conductors, the semiconductors? Does the change seem to be linear? 

introduction to the lab? Explain. 

4. Describe the motion of the atoms or ions in a crystalline solid as the temperature 
increases. 

5. What causes electrons to "drift"? 

6. Describe the electron motion while current is flowing. 

7. Explain how increasing the temperature of a semiconductor decreases the 
http://matse 1 .mse.uiuc.edu/'4w/sc/b.html 
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resistance. 

8. Explain how increasing the temperature of a metal incicases its resistance. 

Extension: 

For the thermistor, plot VT (K'^) on the x.-axis and In R (natural log of the value of the resistance in 
ohms). This graph is a straight line. The equation of tliis line is: 

lnR = (Eg^p/2k)xirr + lnR„ 
where; 

^ = 8.62 X )0‘^ eV/K (Boll 2 ;man's constant) 

Egjp = band gap energy (the difference in energy between the conduction and valence bands) in 
electron volts. 

Determine the slope of the line from the graph. (E^^p / 2k) = the slope, from the equation. Solve this 
equation for Eg^p. 

Teacher Notes: 

♦Teacher preparation time is about 30 minutes. 

* Resistance coils could be used instead of a choke coil. (Short pieces of wire do not show enough 
resistance.) 

* Other kinds of wire besides copper could be tried. 

* Connector leads to devices could be extended by soldering on short lengths of wire, 

temperature resistance, but 

* As an example of a nonconductor, a length of glass rod could be tested, 

* Use a Type K thermocouple for lower temperatures in conjunction with some digital multimeters. 

* Thermistor probes are available fonn Vernier. 

* The teacher should demonstrate proper hookups of meters and devices. 

Diode results work best if the temperature is taken from the boiling water and the ice water. 

* For the extension activity, using the sample data, die value of E = 0 6 eV. 

gap 

Answers to'Questions: 

1. All the devices changed their resistance as the temperature changed. The 
http://matsel .mse.uiuc,edu/~tw/sc/b .htrnl 7/11/W 
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Hot and Cold 

usistance of the choke coil (which is copper wire) increased as the temperature 
increased. The resistance of the diode and the thermistor (which are made of 
gmiconductor material) decreased as the temperature increased. 

2 . The resistance of the conductor increasd linearly. The resistance of the 
semiconductor decreased, but not linearly. 

3 . Student answers will vary. The devices do react as theoretically predicted. 

4. As the temperature increases, the atoms or ions vibrate with greater amplitude 
iround their stable lattice positions. 

5. When an electric field is applied, the electrons are forced to drift. 

6. The electrons are moving randomly and drifting in the opposite direction of the 
applied electric field. 

I As the temperature increases, more electrons have the energy needed to move to 
the conduction band (more charge carriers means more current). 

8, Greater amplitude of vibration of the ions in the lattice cause more collisions with 
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Experiment 3 

Let There Be Light 

Photoconductive Projierties of Semiconductors 

Objective: The objective of this lab is to quantitatively determine how the electrical resistance of a 
cadmium sulfide photocell varies as a function of light intensity (distance). 

Review of Scientific Principles: 

Semiconductors often have the ability to respond to various forms of eleclroniatm eiic radiation. 

Silicon, germanium, gallium arsenide and cadmium sulfide are materials tliat can have opto¬ 
electronic effects, which means tlieir electrical properties are responsive to light. This is due to the 
energy inherent in light radiation, Absorbing this energy can make some of the valence band 
electrons move to the conduction band. As a result, the conduction characteristics of the material 
change. In this lab, you will explore a cadmium sulfide “photoresistor" as it is exposed to various 
intensities and colors of light, You will be looking for possible connections between light intensity or 
energy and conductivity, 

Applications: 

Opto-electroriic devices such as photo-resistors, photo-diodes, and photo-transistors are being used 
more each year. These devices are commonly found in switches for outdoor lighting, on-ofF switches 
for pole li^ts and security systems. The "electric ^e" can be used for a dimmer switch on Ae 
headlights of a car. The photo-resistor is also an important device in fiber optic communications. 
Photo-laser diodes are often found in the classroom in the form of pen sized laser pointers. 

Time: One hour 

Materials and Supplies: 

cardboard tube (approximately one meter long and 3 to 5 cm diameter) 
meter stick 

black electrical tape and duct tape 
cadmium sulfide photocell 


light bulbs-while, screw mini-base, 3 to 12 volt (Radio Shack) 


miniature lamp socket- screw base 
voltage supply (0 to 12 volts DC) 
digital multimeter or olunmeter 
wire connehtors 
General Safety Guidelines: 


7 / 11 / 2 ^ 
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* The leads of tlie photocell and the light bulb glass are fragile, handle carefully. 

* Avoid electrical shock. 



Experimental Set-up 
Procedure: 

Equipment construction: 


1. Obtain a cardboard tube from wrapping paper (or make a roll from cardboard 
mto about a 60 to 70 centimeter tube with about a 5 cm diameter and tape so it 
will hold its cylindrical shape). The diameter must be large enough to allow the 

lamp socket to move through the tube while not allowing light to get in ai’ound 
the socket. 

2 . Press the d«nxl« of the CiS all through . piece of dM tape l.rge enough to 

eover the open end of the tube so that the all is inside the tube and the electrodes 

are on the oritside of the tube (Several small pleas of blaek electrical tape work 
well.) 

3. Plaeethialape with the cell over one end offctnbe and fold the tape onto the 

tube so that no light can get into that end. 


d.Conn^ttonemtdofewth of the wirestothe imnpsoeketby bringing thewireup 
thronghthe holm in thebas. of Ihesock* tod secuiingnnder the screw. 


5. Tape the ^ “ >l» Md of the meter stick so that the bulb extends away from 
tile end of the stick. 


6. Tap. the wires riong the m«er sdek allowing toe wire to extood pmn sdok. 

http;//matsel.mse.uiuc.edu/~tw/sc/c.html 
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7. liiseit the socket end of tlie meter stick into the open end of the cardboard tube 
and slide the socket toward the CdS cell at the opposite end. The socket should 
slide freely, but not allow light to go past into the tube. If the space around the 
socket is too large, wrap some layers of tape on the outside of the socket. 

8. Withdraw the socket, place a. bulb in the socket and connect the wires to the 
power supply or batteries. Use the proper voltage for the light bulb being used. 

9. Make sure the bulb works, then turn it off 
Collecting data: 

10. Connect the multimeter to the CdS photocell, and set to measure resistance in 
kiloohms, There should be a reading on the meter. 

11. With the light off, slide die bulb into the tube until it just touches the CdS cell. 

12. Take a resistance reading and record in the data table for a dark measurement. 

13. Turn the light on and immediately take a reading for 0 cm from the cell. 

14. Pull the meter stick and light out of the tube a distance of 10 cm and take 
another reading. 

15. Continue pulling the light out and taking readings for each 10 cm until reaching 
about 60 or 70 cm. 

16. Turn the light off and carefully peel the duct tape and photo cell from the end of 
the tube in a way tliat it can be used again. 

17. Using a small piece of colored filter sypplied by your teacher, cover the CdS 
cell and presi the fikei against tlie sticky tape to hold it in position over the cell. 

18. Push the light into the tube and again take readings as in steps 11 through 16. 

19. Repeat with the otlier colored filters. 

Video Clip of experiment 


Oata and Analysis: 

Record the observed resistance values for each color at the given distances. 
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Bulb Color 

Distance 

while 

blue 

green 

yellow 

d 

0 cm 





j 

10 cm 





. J 

20 cm 





□ 

30 cm '■ 





J 

40 cm 





z 

50 cm 


Z 




60 cm 






70 cm 

1 II 


□ 


For each light, graph the resistance on the vertical axis and the distance on the horizontal axis. (Use 
one graph if die sizes of the resistances are conipamble.) 

Questions: 

1. What is the general shape of the graph? 

2. What happens to the resistance as the distance increases (as 
the light intensity goes down)? 

3. What happens to the resistance as the color (energy) changes, assuming a fixed 
distance, such as 20 cm? 

4. Can you provide an explanation for either of the above phenomena? 

Teacher Notes: 

♦Teacher preparation time is approximately 30 minutes. 

♦ Photocells and 6 volt miniature lights are available at Radio Shack. 

♦ Filters of different colors may not allow the same amount of light intensity to pass so be careful in 
comparing results from different colors. 

♦ Time may dictate whether all these colors can be done by all the groups. Perhaps different groups 
could be assigned different colors and class data collected. The experiment may be done as a 
demonstration if supplies are limited. 

♦ The light intensity is inversely proportional to the square of the distance, and the resistance is 

inversely proportional to the intensity of the li^t. ' 

An extension exercise could be to have tlie students work on an electric eye project. 

Actual Experimental Data; 

all data in kiloohms 
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Distance 

whitejlWuelgreeniyellowi red || 

dark 

70 

BH] 

71.6 

70.1 1 

■ 

Ocnt .158 


.415 


IHESHOaEBI 

7.07 

.978 

osil 

20 cm 

t.98 

ES 

17.7 

2.56 

Ml 

30 cm 

-3.61 



40 cm 


■ 

50 

[iM 


IDS' 

60 cm 

pa 


47.2 

12.8 



Analysis with Answers: 


1. What is the general shape of the graph? lixponential: the intensity of the light is inversely 

proportional to the square of the distance, so the graph should resemble a parabola (I = k * D^). 
Other factors can also influence the shape of the grcpk It is not expected that the relationships will 
follow a perfect pattern. 

2. What happens to the resistance, in general, as the distance increases, that is as the 
intensity goes down? Ihe resistcowe becomes larger. 

3. What happens to the resistance as the color (energy) changes, assuming a fixed distance, 
such as 20 cm? 

4. Can you provide an explanation for either of the above phenomena? When the intensity of the 
white light goes down, fewer valence electrons are promoted into the cotiduction band. As a result, 
the resistance of the photocell increases. The variation of measured resistance because of different 
colors of light hitting the photoresistor may be dependent on several factors. One factor is that the 
intensity of the light passing through the filter may vary because of ^e optical 

detisity and thickness of the material. Also, each color of light has a specific energy (E - hf). 
Therefore, the DMM readings for the cobred light may differ from white light. 
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X vhii^ 

+ blue 
a qreen 
a yellow 
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Extension Activities; 

Experiment Design and Application Project 
The Electric Eye 

In the photoconductivity lab, where a cadmium sulfide photocell was used, you used only visible 
(optical) photon energy sources. That is, only light bulbs were used. Can you extend this laboratory 
concept by using non-visible energy sources? (For example, "black lights" or ultraviolet (UV) bulbs 
are now quite common. They could extend your energies even higher than your blue light did. 
Infrared (IR) diodes (available at Radio Shack) could be used to extend you energies to lower values. 

Using these suggestions as a starting point, can you design another experiment where data can be 
taken for other kinds of electromagnetic radiation? How will you know if an infrared diode is 
worldng, if you cannot see it? Will you test other kinds of photocells besides CdS? What kinds of 
things do you hope to discover about these materials? Do dl photocells respond to electromagnetic 
radiation in exactly the same way? Can you plot the curves? Can you explain why? Which devices 
would make the best "electric eyes"? Can you design a simple electric eye circuit and test it under 
actual conditions? 

Today electric eyes are all around us on farms for turning on outside lights, on automatic street ligbt! 
and on road constructions sites (for night time flashing lights). 

Thermal Variation of the Resistivity of a CdS Photocell 

Under constant lighting conditions, such as ordinary daylight, vary the temperature of the CdS 
photocell as much as possible. Using the DMM, measure its resistance for each thermal environitien 
from low to high temperatures. What is the relationship between temperature and resistivity in the 
photocell?^ 


SsioicpndiuitpjLCQiitciUs 
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Experiment 4 

What is Ohmic? 

T-V Characteristics of a Diode vs. a Resistor 

Objective: The object erf this experiment is to compare the I-V characteristics of a diode witii those 
of a resistor, By measuring the voltege drop across Ae diode or resistor as Ae current is varied, Ae 
jhident will discover Ae relationship between Ae current and Ae voltage. 

Time: 40-SO minutes 

^ew of Scientific Principles: , 

Requirements: To make a current flow throu^ a material, three requirements must be met 

1) An electric field must exis4 2) charge carriers must be present in Ae material; and 3) Ae charge 
earners must be mobile. To establish an electric field, a volAge is applied to Ae circuit. The charge 
carriers are the valence electrons in a conductor, or Ae electrons m Ae conduction band and the 
holes lii t^e valence band of a'sepcpndudtor or insulator,dependent on Ae crystal 

Conduciw: Fora^^^cS^IIS^^^ m^flie ^^’^e^lohs'b^py parMl^I^ energy 


rasa me 




[energy 


^brate vriA^^ter amplitude, arid mofe fai^^mi|bjf^ 9 ffl Aw equilibrium positions to interfere 
wi^ietravel'&Ae electrons, tfaempbAty at its maximui^alue. 


Semiconductori For a senuconductor or insulatorpAe Valence electrons occupy a 




). BoA Ae electrons in Ae conduction band and Ae holes in Ae valence band are 



the conduction band as wiA As (jdelAag a con( 


aljjump* 


niaterial. Thus, fora doped semicpridiictor material tui'iibflipam to a pure sem^ducw material (at 
Ae same l8inDe,tature) the doped semiconductor'would have more dections m Ae ctmdu^on band 
H^ToTfMtri'holesmAevdence band (p-type).ror and n-vpe^^ 
is a negative electron. For a p-type material, Ae carrier is a positive hole. As tte temperahro 
increases. Ae fttoma do vibrate iwA BTeater amplitude. However, Afi increase in nu^er of 


increases, Ae atoms do vibrate wiA great 
carriers hiu a greater effect on mcraasing 
'ht^;//matsel:m8eimuc.^u/?^/8ri/d)hAil 
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vibrating atoms. 

Resistor: When a voltage is applied across a resistor, an electric field is established. This electric 
field "pushes" the charge carriers tlirougli the resistor. Tliis "push" gives the charge carriers a "drift 
velocity" in the direction from high potential energy to low potential energy. As the voltage 
increases the drift velocity increases. Since the amount of current flowing through a resistor is 
directly proportional to tlie drift velocity, ftecuirent is directly proportional toiieYOl^^ which 
produces the electric field, which produces flie drift velocity. This is the origin of Ohm's Law. 

Diode; However, in a diode, the numher of charge carriers is dependent on the number of electrons 
that have enough energy to move up an energy hill and across the p-n junction, producing current 
flow through the diode. The size of this hill, or energy barrier, is dependent on the amount and type 
of dopants in the semiconductor material of which the diode is made. As a voltage is applied (in the 
forward bias), the size of tlie hill is decreased, so more electrons have the energy needed to cross the 
p-n junction producing current flow. The number of electrons with the eneigy needed to move up the 
hill and across the junction increases exponentially as tlie voltage increases. Thus,.the current 
increases exponentially as the voltage increas es^ 

Applications: 

The behavior of components in a circuit is a very important aspect of circuit design. Diodes are 
found in many semiconductor circuits. Their non-linear I-V behavior makes them quite useful for a 
variety of applications. Resistors are often used in series with another circuit component to reduce 
the voltage across ti^at component or in parallel to reduce the current through a component. 

Materials and Supplies: 

DC Power Supply 

Germanium or Zener Diode 

2-lK Ohm Resistors 

6 lead wires (including those on tlie power supply) 

Milliammeter or Galvanometer 
Voltmeter 

General Safety Guidelines: 

* Always reset the power supply dial to zero, before building or changing the circuit, 

* Keep your hands and the work area dry to avoid shock. 

* Follow safe and correct procedures for operating the power supply. 

Experimental Setups: 



http;//matsel.mse,uiuc.edu/~tw/sc/d,html 
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FItraEE2 



octdure: 


iicuit set-up; 

.Md.d™tMshowinFigurel.Don<«tumonthepo»er.upp^ 

;fckto surethelead»teo«the p<»r »,pply «econ»a«edtotheDC 


lusrter turn clockwise. 

l,Now turn ou the power supply. 

iW,.u«ft»volmgedi.ldock«i.P.^dwa»hd.-l-»e«»dvol»«a 

fflhe needle moves to the right, the meters are 

I 

Wit left, reverse the lead wires on that metM 


■ correctly connected. Ifthe needle moves 


Resistor (forward); 

_...,olt.gedialcloclrwise«yun«emiiliammmerne«ileshow.Ml 

ion Record dti. milliamerer and voltmeter reading as the mmdmnm, U ''m»r 


5, Rotate the 
deflection. 


, a, by which you will increase the cnrrent, (Yon 


I, Divide the value of ^’ ^'* *^* tncrem 
Mil collect 5 sets of data.) 

H, Rotate the voltage dial to zero. 

t,Rotmeft.evoltagedialcloclrwi.es.owly.undld.cmillimnmemr,e^^ 

10, Record the values of I and V in the resister data table. 

II. Increase Ae voltpge until the milliammeter reads 2S1, 

11 Record the values of I and V in the data table in rows 1 


7/11/2003 
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13 . Continue to increase the voltage and record 1 and V, until you reach 1 

^ ‘max’ 

14. Rotate tlie voltage dial to zero. 

Resistor (reverse): 

li. Revere the resistor, so the current wiUflow through it in the opposite direction. 

16. Repeat steps 10-16, recording the values of I and V as negative numbeiti in the resistor 
data table in rows 6-10. 

Diode (forward); 

17. Remove the resistor from the circuit and replace it with the diode as shown in Figure 2 

18. Check to make sure the positive end of the diode is connected to the positive terminal of 
the power supply, 

19. Repeat steps 6-14, however, this time divide the by 10, and record the data in the 
diode data table. 

Diode (reverse); 

20. Reverse the dio4e and repeat steps 9-l4, using the same values of [[Deltajll as in step 19. Record 
these values of I an4 V as negative numbers. 

21. Turn off the povyer supply. 

22. Disconnect the lead wires and replace the equipment in their appropriate places. 

Data and Analysis: 


Resistor Data Table 



•divide the value of V (volts) by the value of I (amps) to find values of V/I (cd), and complete the data 
^://matsel.mse.uiuc.edu/~tw/sc/d,html ' 7/11/2003 
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ible. 


Diode Data Table 


V (volts) 


V/lco| 


-= 

==n 






1 






— 





=J 































rte V (volt) by I (amp) to find VA (cd), and complete tlie data table. 

Kstions; 

Wot the voltage (horizontal axis) vs. the current (vertical axis) from the resistor and 
•io data table on graph paper. 

ftat is the shape of the graph of the data for the resistor? 

'' ' ‘ ' 

^ihe shape is linear, determine the slope and the equation of the line. 

''“"’pare the slope v/it!i the VA values. 

Wording to Ohm's Law, V/I represents what measurable quantity? 

^ slope of the line, 51 / 6V, represents what measurable quantity? 

'If tile graph that is nonlinear, how did the values of VA vaiy as the values of V 
fased? 

^loiatsel,mse,uiqc.edu/~tw/sG/d,html 
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9. Which device conducts electricity both directions? 

10. Which device conducts electricity only in one direction? 

11. Name the 2 types of charge carriers, 

12. In a metal, what conducts electricity (carries charge)? 

13. In a semiconductor, what carries charge? 

14. In a resistor, increased voltage has what effect on the charge carriers? 

15. In a diode, what changes to allow more current to flow as the voltage is increased? 
Extension: 

Plot V (volt) on the x-axis and In I (natural log of the values of I in amps, not milliamps) on they- 
axis, for the data from the diode section for the experiment (in forward bias). The equation for this 
relationship is; 

where the values of the variables and constants are: 
e = 1 electron volt/volt 
V = volts 

^ = 8.62 X i0‘^ electron volts / K 
T = Temperature in K 
= current value when V = 0 
I = amps 

Solve this equation by taldng the natural log of both sides. 

In 1 = In + In (-1) 


substituting the values of e, k, and T in the equation will prove that the value of eV/kT will be about 

lOOV. Therefore, ^p ' will be exp'*^®^which is much greater than 1, so we can disregard the 1, 
Now the equation is: 

lnI = lnI^+eV/kT 

The slope of the graph (line) is e/kT. From the graph, find the slope. Set the value of the slope equal 

to e/kT. Slope^e/kT, using the values of k and e, solve for the value of T. Compare this value of Ts 
to the room temperature in K, 

Teacher Notes; 

http://matsel.mse.uiuc.edU/~tw/sc/d.html 
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♦Teacher preparation time is approximately 30 minutes. 

♦Tliis experiment is designed to be used in the electricity unit of a physics class with students 
wlio have already learned how to set up circuits and use test meters. 

♦For tlie procedure steps; 

1 The teacher should demonstrate the proper procedure for connecting an ammeter and 
voltmeter in a circuit. 

2. The teacher should demonstrate the proper procedure for operating a power supply. 

3. If the power supply does have a current dial, the student may have to adjust this dial to 
allow sufficient current to flow through the circuit, as the voltage is increased. 

4. If digital multimeters are used, use voltages from 0-2V as shown in the sample. 

Answers to Questions: 

1. Use separate graph papers, because the scale of each will be different. 

2. This should be a straight line. Make sure the students draw the best line through the data 
points; they should not "connect the dots". 

3. This should be exponential. Have the students use a mler (straight edge) to approximate 
; the slope of the graph as V increases, by drawing a tangent line at various points on the 

curve. 

4. Have tlie students draw a large right triangle, representing the [[Delta]]I and [[DeltajjV, the sides 
of 

! the triangle. The units should be part of the description of the slope. The units may help 
the students relate the slope to the measurable quantity it represents. 

..; .. ;i.. t.,, 1;'. , iii uiuc Miuuid oc recipiocai of5V/81. 

6. Resistance. 

7. Conductance is the reciprocal of resistance. 

8. Tlie values of V/I decreased as V increased. 

9. Resistor 


10. Diode 




/i-V Characteristics of a Diode vs. a Resistor 

11. Electrons and holes. 

12. Electrons in the valence band, 



13. ElecIroM that have jumped tothe eoaducto band and the eormsponding holes in fte 
valence band. 

14. Increased voltage causes.stronger eleetricfield, which pushes the electron, harder in 

the direction opposite to the field, which inaeases the drift velocity; so more cunen. 
flows, 


15. As the voltage increase^ the sice of the hill (energy gap) is decreased, so more 

electrons (at this temperature) can move up the Wll and across the p-n junction. 
Data and Analysis: 


iltp://matsel.mse 


Sample Resistor Data Table 
(forward same as reverset 

V^voltslkimAlllV/IcoI 

L?:?!. II O.2TI 


0.41 iron 

H 

0.61 0.6n 

0,81 

J1 ojiiH 

loo^ 

loool 

1.09 

JU09 

1.20 II LiF] 

Mmpie Diode Data Table 

r~ —- _ 

V (volts) 

iiSBn 

V/Ico 

2800 

m 

:. 50 


200 

im 

1 -20 1 

_ 150 


.22 

200 

loool 

.24 





Fol 

7)0] 

MM 

3sn 

LmJi 

400 

700 


450 

Bl 

MM! 

0 

3 


0 

a 

=iLJ[ 

0 

3 

.22 1 

0 


•24 0 

m 
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.26 I 0 00 


.27 0 

00 1 

.28 I 0 

00 

.29 11 0 

1 * 1 


*No current in the reverse bias 
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Experiment 5 

Alternating to Direct 
Rectifying Alternating Current 

)bjective: The objective of this experiment is to illustrate how a diode can be used to rectify 
ilternating current. The student will use a galvanometer to determine the direction of current flow, 
vhen an AC or DC voltage is applied to a circuit containing a diode in series with a resistor and a 
lalvanoiiieter. 

Review of Scientific Principles: 

For current to flow through a diode, the electrons must move up an energy hill and across the p-n 
junction. As a voltage is applied in the forward bias, the size of the hill is decreased, so more 
electrons have the energy needed to move up the hill and across the junction (making current flow). 
However, if the voltage is applied in reverse bias, the hill is made bigger, so very few electrons have 
the energy needed to move up the hill. Thus, a diode generally conducts current in only one 
direction. 

Applications: 

I 

When you plug an electrical device or appliance into an ordinary wall receptacle atyour house, you 
arousing 110 volt AC (alternating current). The electricity was probably produced at a power plant 
by using a fuel to produce steam, to turn a turbine, to turn an electric generator . The generator spins 
at 3600 RPM, which is 60 revolutions per second (60 Hz). Many household items are designed to 
operate on AC, however, some items such as battery chargers, electric trains, and other toys are 
designed to operate on DC. Diodes are used as rectifiers, to convert AC to DC. 

Time: 20-30 minutes 

Materials and Supplies: 

AC-DC Power Supply 

Lead wires 

Galvanometer 


Diode (germanium, zener, or LED) 

General Safety Guidelines: 

*Make sure the power supply dials are set at zero when building or adjusting a circuit. 
*Keep your hands and the work area dry to prevent shock, 
fixperimental Setup: 


http;//matsel.mse.uiuc,edu/~tw/sc/e.html 
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AC-DC 

POWER SUPPLY 
— 



Procedure: 


1. Build the circuit shown in the Experimental 
terminal 

2 . 

3. 

4. Turn on 

5. 


setup, and be sure to connect the positive 
power supply, 

er supply. 


Do not 


bury the needle. 




on 


to zero. 




terminal 


10. Repeat steps 5-8. 
Data and Analysis: 



Questions: 


'■™‘““^^:??Sf>aao<tebolh4 

2. How should a diode be 


rections? 

connected in a circuit so 


current will flow through it? 
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'/'Rectifying Alternating Cuirent 

3. How does a diode effect AC current? 

4. D^wag^ph of 

5. Co„,ide,i.ghowadiodeaife«,AC.r,e„Mrawwl,a,yo„,i„,,^p,„,„^^„, 

...d».4hoa,d,ook,ikefo..e™uy«wu.,„,,cc„™...da«.. 

6 . Draw a graph of current vs tl mp fnr o nr ... 

a DC current, l,ka tta prodaced by a b,«e,y, 

7. How does the current produced bv the AC A\^a. ■ ■ 

ea oy tne AC - diode circuit differ from DC current 

produced by a battery? 

IHowdr.,increasing vol^eeffecttheabili^ofadiodcoaltow cun.™,oflow? 

9. Why does a diode with a voitage applied in reverse bias restrict current flow? 

10, Will a diode ch^tge al«rn«i„g current to direct current (like the current produced hy a 
battery)? 

Extension; 

l. goncrarirr. aresiator.»uiagalvanou,eterto shownee^^ movementwith 

alleraating current Use a IKm reaiator, to protect the galvanometer. 

!. Use a frequency generator diode and an oscilloscope to show the wave form of 

iitemating current and rectified alternating current 

3. Obtain the schematic of a M wave rectifier, which uses diedea mrd Mpacitor, to 
produce approximately steady direct current Consnlt an electronics handbook for the 


Teacher Notes: 

Teacher preparation time is approximately 30 minutes. 

*lf the diode is improperly connected, the results will be reversed. 
*The teacher should demonstrate proper operation of a power supply. 

milli-amp or micro-amp scale 

®6n(+,-)ofthe current value. 

Answers to Questions: 


amp or micro-amp scale. The student should record 


'ttp://matsel.mse.uiuc.edu/~tw/sc/e.html 
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«a curat It will pulsate at the same frequency as the frequency of the alte 


current. 

4. The gr8.ph will be 


ternating 


a sine wave. 


Alleraatiag Camnt 





1 

7 ^ 

rr 


5. 




“h ™ AC cument ,s pulsating. ASmnpDCcuwen,- 
«--a.I„gf„a„„,,^^ ^-“‘“-P-e^ulthanar^he. 

*l>-asi„gfcv<ht.gefaeas,fte.iee„fg.a , 

move up so mon>^ ^ electrons have to 

ectrons can move up the hill anri 

more curat to flow. ‘®’'''P-"j™MiM,allowing 


’''“erse voltage incm.,e,a,a.«,rf^^ 

“™«“^‘‘«^^n,etemwilU.own„c»e.tr'™“'“"'‘'^ 

me current begin to level off. 


Sample Data Table: 
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DC 

[_+ to- 

right 1 

none 

1 AC 

AC-1 

+ to- 

_- to + 

right ^ 

taLib 
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Experiment 6 

Working with LED's 

Estimating Semiconductor Band Gap using LED's 

Objective: Observe visible light-emitting diodes ^ED's) in simple electrical circuits, and relate the 
composition of semiconductor materials with their behaviors. Estimate the band gap of a 
semiconductor material, 


Review of Scientific Principles: 

Colored light can be produced in a number of ways. On the one hand, ordinary incandescent light 
bulbs may be used with filters that select out a portion of the complete color spectrum that is emitted 
from the glowing wire filament. On the other hand, tlie familiar orange-red glow of neon lights is 
generated by electrically ionizing very small amounts of gases inside sealed glass tubes. LED's 
contain neither a wire filament nor any gases. The light emitting portion of a solid state diode is quite 
small so you will need a magnifying ^ass to see it clearly. Even though the diode may be enclosed in 
a colored plastic lens, the lens is not the cause for the color of the light observed. 

In LED’s, electrical energy is converted into light energy. The voltage required to switch on the LED 
is proportional to the energy of the light emitted from that LED. Also by comparing the color of the 
light with a chart of the visible light spectrum, it is possible to assign a wavelength to the color of 
each LED. Using this wavelength, a simple calculadon can be made to approximate the energy of the 
electron transition taking place at the junction in the diode. The colored light (made up of photons) is 
being produced by electrons that are relaxing across the energy gap in the semiconductor material. 

The reverse process may also be observed in whidi light shining on a diode can be converted into 
electrical energy. 


Applications; 

LED's are very common and are frequently used as indicator lamps. When the light goes on, 
electricity is flovwng. Whether it is a compact disc player, electric guitar amplifier, computer, 
monitor, or video game module, we always look for the little colored light to let us know it is 
, working. As common as they are, however, most people have no idea how LED's produce tlieir 
bright, colored light; they simply expect it to happen. 

Time: One hour. (More time is required if students vrill be assembling the circuits themselves). 

■ 


Each student group will need: 
variable power supply (at least 0-6 VDC) with leads 
' one panel containing several different visible LED's (see note 1) 
digital multin^eter (DMM) and test leads with small alligator clips 
magnifying lens 
W battery and snap connector, 

bttp;//matsel.mse.uiuc.edu/~tw/sc/fhtml 
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470 0 ) resistor 
LED socket (see note 2) 
small, bright flashlight 
General Safety Guidelines: 

''■Do not stare long at any of the brightly lit LED's. 

*Some of the wires may have sharp edges. 

*Do not grasp any bare wires or connections witli your hands. 

*Be sure the power supply is set for 0-6 V pC). Turn it off when not in use. 

Procedure: 

1. Obtain a panel containing several different visible LED's. 

2. Connect the power supply 0-6V DC to the panel leads. 

3. Connect the DMIyl across the circuit, and set it for DC. 

4. With the power supply at its lowest setting, turn it on. 

5. Slowly dial up the voltage until and effect is noticed at one of the LED's. 

6. Continue to slowly dial up voltage until you have observed all the LED's (do not let the 
voltage reading on your DMM exceed 2.5V). 

7. Now slowly dial the voltage back down, and observe the LED's. 


8. Repeat steps 5-7. Record the voltage at which you observe each LED to go on and off. 

9. With all LED's on and shining brightly, compare their colors with a chart of the visible 
light spectrum. Or view the lighted LED's with a calibrated spectroscope. Record the 
wavelength in nanometers of the color that matches each LED. 

10. Tum off the power supply, and disconnect only its positive lead from the circuit. 
Leave the DMM on and its leads in place across the LED circuit. 

11 .With the room darkened, shine a small, bright flashlight on each of the LED's in the 

panel. Record the maximum voltage that you read from the DMM for each LED. 

tain a 9V battery and snap connector with appropriate resistor and socket. Insert a 

green light LED in the socket with the long leg on the red side. Shine it directly over 
http.//matsel .mse.uiuc.edu/~tw/sc/f.html 
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you read from the DMM, 

lIRepeatstep i2rpplad„g4eg,ee„LEDwift.^LED. Recortftevolag,ridings. 

M Test what happens when an LED is placed in the socket backwards. 

I5.using a magnifying glass, make two scaled drawing, of an LED-one fom the mp and 
one from the side. Indicate on yont drawings where the light i, produced. 


Video Clip 


Data and Analysis: 


LED Color 

Turn-on 

Wavelength 
of light 
Emitted 

Energy of Band Gap 
Light Emitted of Material 

Composition 
of Material 




1 





1-~ 





. 






~ 







I Questions: 


1. In what order do the LED's light when the voltage is increased slowly from zero? 

2. Place the LED's in order according to increasing wavelengths. 

3. What is the relationship between the lists in questions one and two? 

1 From your observations, what kind of mathematical relationship exists between the 

nuraencal values for electrical energy (volts) and the wavelength of the colored light 
emitted? 


5 What effect does tlie white light source have on the LED's? Why? 


Which color of LED caused a voltage reading in every LED on the panel? 

I Which color of LED caused a voltage reading in only one LED on tlie panel? 


Explain your answers to questions six and seven by discussing the relationship 


In which Led is the diode composed of a material with the largest band gap? 

'D. Calculate the band gap for the material in each diode in units of electron volts (eV) by 
^ltp://matsel .mse.uiuc,edu/Hw/sc/f.html 
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using the equation E = 1240 / A. Where K is the wavel ength of light in nanometers (1 O'® meters) 
11. Compare the values calculated with a list of semiconductors and their band gaps. 

Which materials do you believe are present in the LED's that you used? 

Teacher Notes: , 

"‘Teacher preparation time for tliis lab is approximately one hour. 

"■The panels can be constructed in a number of ways, but one that seems to work uses 
ordinary 1/4 inch pegboard, Cut a square that has at least five rows and columns of holes 
(more or less depending on the number of LED's). Make a red line down one side of a 
row. Pop an LED of each color (use colorless lens LED's to ensure that students realize 
the colored light is not due to the plastic case) into a mounting clip. Then press these 
through the holes in the pegboard with the longer leg of the LED on the side of the red 
line. The legs may now be trimmed to any convenient length, but leave enough for 
solder connections. Now solder a noninsulated copper wire to each of the "red" legs and 
one to each of the "black" legs leaving a least 2 cm for connections to tlie power supply. 

Then solder a 470 to resistor to the wire on the red side. 

*Soldera470mresistortotheredleadofthe9Vbatteiy snap connector. Then solder an 

LED socket to the other end of the resistor and the black lead from the snap connector, 
♦Sources for materials are: Radio Shack, Mouser Electronics (800)346-6873, Cal-West 
Electronics (800)892-8000 (blue LED's can be purchased for $2.50 each) 


red 592-SLH34-VT3 
orange 592-SLH34-DT3 
yellow 592-SLH34-YT3 
green 592-SLH34-MT3 

♦See Ken WferfiePs^aiticle Higher visibiltyfor LED's in July 1994 lEEESp_ectrum 
magazine for a great summary of LED technology. 

http://matsel.mse.uiuc,edu/~tw/sc/fhtml 






Estimating Semiconductor Bind Gap using LED's 

Answers to Questions; 

1. red, orange, yellow, green, blue 

2. blue, green, yellow, orange, red 

3. opposite order 
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4. from observation, it is opposite or inverse 

5. a voltage js produced in the circuit when it is shone on each LED because white light is a 
combination of all colors of visible light 

6. green (or blue) 

7. red 


8. green (blue) light is of the highest energy, and itis able to promote electrons across the 
band gap in all the LED's, but low energy red light can only affect electrons in the red 
LED with the small band gap 

9. green (blue) 

10. green (blue) 

11. The published values of wavelengths for the LED's are red at -650 nm, orange -610 
nin, yellow -585 nm, green -565 nm, blue -470 nm observed colors may vary but 
should fall between about 460 - 700 nm 

Use the following information; 



2.64 eV 

blue 

msmmmrm 

GaP.85As.l5ll2.11 eV 

ES9 


2,03 eV 

orangel 


1,91 eV 

red 1 
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I. Testing a Transistor Without a Transistor Tester 

It is perhaps easy to tell all types of transistors with a transistor tester. But it is not so easy 
to determine by means of common gadget how much capacity of amplifying a transistor 
has lost or retained after use. 


In the normal ohmmeter test, resistance, is check across each pair of electrodes of a 
transistor, If resistance between emitter and base , and between base and collector are 
very low compared to that between emitter and collector. It is assumed tha. the tran^ic.r 
is alright, ' -- 



But the resistance between two electrodes varies from transistor to transistor, even if they 
are of the same type. This naturally creates confusion, especially in case of power 
Liansistors because resistance between emitter and collector of such transistors is very 
small. As such, it is very hard to arrive at a conclusion. 


In spite of these difficulties a transistor can be successfully tested with an ohmmeter (o; 
multimeter) as described below. 

Keep the selector of the ohmmeter at x Ik position. If the transistor to be tested is pnp 
type, the negative probe (black) should be connected to the collector of the transistor with 
the help of a crocodile clip. Then the emitter may be touched with the positive probe (red) 
of the meter, pressing it with your left thumb. Now hold a small stainless steel forcep in 
the right hand and touch the base of the transistor with it several times (as in illustration 
no. 1) keeping a watch over the ohmmeter to see how far its needle deflects toward the 
zero reading. If the swing of the needle is sufficient. It indicates that the transistor’s 
amplifying capacity is intact; a small swing indicates less amplifying capacity. If there is 
no deflection of the needle, it nieans that the transistor has become out of order, If howere 
the needle shows zero reading, it means that the transistor leaks very badly. 

While testing npn type of transistors, just reverse the above procedure (as 
illustration no. 2). That is, connect the positive probe of the ohmmeter to the 
the transistor with the help of the ohmmeter to the collector of the transistor 
of a crocodile clip, press the negative probe upon the emitter with the left thumb 
,.touGh,the base of the transistor with a forcep in the right hand several times to 
the amplifying capacity of the transistor, watching the deflection of the meter needle, 



1 suppose every leclinician has a t least one multimuter and with a bit of practice he can 
easily test a transistor through this method. With some imagination the method can also 
be adapted to determine the type of transistors and to locate their terminals, i.e. collector, 
emitter and base of a transistor. 

Note that the red probe of an ohmmeter actually holds a negative potential and a black 
probe a positive potential. Even though the red and black probes are connected to the 
positive and the negative polarities respectively to measure the DC voltage. 

Caution: A power transistor should always be allowed to cool before testing with an 
ohmmeter, 

By Dwijendra Nath Roy 


2. Zener Tester 

This tester helps to check the voltages of zener diodes. It is very inexpensive and handy to 
find the voltages of small glass zener, whose marking gets rubbed - off very easily, The 741 
op-amp has been used in different mode. 



The 47 k linear potentiometer’s dial is calibrated in terms of voltages between 0 and 27 V, 
either by using various known zeners in the range, or by applying a known voltage at pin 3 of 
1C 741. The position of the potentiometer where the LED gets turned off, gives the 
breakdown voltage of the zener, 

The power supply voltage can be between 9V and 30 V. But, zener to be tested, and should 
not be changed once the dial is calibrated. 

You can also check the polarity of zener. The cathode side should be connected to the red clip 
(i.e. pin 3 of 1C 741). If you connect the zener the other way round , then it will just behave 
as a diode, and the Led will remain off at all positions of the potentiometer. 

In case of a zener that is shorted from inside, the LED will remain off with zener connected 
either way to the clip. In case of a zener that is open - circuit from inside, the LED keeps 
glowing at all position, with zener connected either way to the clip. 

You may even differentiate between a diode and zener by their behavior on this versatile 
tester.' 
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3. In - Circuit Transistor Tester. 


He« is a circuit that can indicate the condition of a transistor by using two LEDs, A good 
npn Msistor condu® dunng the postbve half cycle (pulses are generatll by 556 dual tinier) 
and D5 is off while D6 flashes. With a good pnp transistor D6 is off and D5 flashes. 

Both LEDs flash if the transistor is open and will be off if it is shorted, 


The tester cb^s the tr^istor even if in - circuit resistance across the transistor is as low as 
50 ohms; be ow this the glow becomes dim. Diodes in the circuit ensure that only low 
saturation voltage of a good transistor turns the Led off. 



Condition of LEDs is shown below: 


S. No. 

Transistor 

LEDDS 

LED D6 

1. 

Good npn 

Off 

Flashing 


Good pnp 

Flashing 

Off 

■1 

Open Circuit npn or pnp . 

Flashing 

Flashing 

■■ 

Short Circuit npn or pnp 

Off 

Off 


By S.K. Nagar 


4. Simple Transistor Tester. 

Here is a simple and inexpensive transistor tester which is very useful for the radio technician 
and hobbyist. You can quickly make Go/No Go (good or bad) checks on both npn and pnp 
transistor with it. The tester also enables a technician to identify the transistor type - whether, 
it is an npn or pnp transistor. 

The circuit of the transistor tester is shown in the figure. The transistor under test is shown ^ 
connected with dotted lines. The circuit is basically an audio frequency oscillator of the 
HARTLEY type, which produces a whistling sound from the loudspeaker. The capacitor C2, 
connedted between the upper end of the primary of the output transformer and te base of the 
transistor provides the necessary position feedback. Due to the positive feedback, the circuit 
oscillates producing an audio tone from the loudspeaker. An open (not conducting ) or a 










shorted transistor does not produce the oscillatory tone from the loud speaker. Indicating that 
the transistor is defective. This is the principle used in this tester, 

Resistor R1 provides the necessary base bias to the transistor and the capacitor Cl controls 
the frequency of oscillation. 

Three pieces of PVC flex wires of about 25 ems in length are connected to terminals marked 
C, B and E of the tester, and brought out through separate holes made at top of the box 
housing the tester. Three small crocodile clips are soldered to the other ends of the wires. 
Red wire for collector, yellow for base and black for emitter are used, for easy identification. 
For reversing the polarity of the battery, a DPDT slide switch (S2) is used. The connection to 
the DPDT slide switch is also shown in the figure to identify whether the transistor is pnp or 
npn. 

To test a transistor, for example AC128, put the slide switch S2 into PNP position and the on 
/ olT switch (S!) to ON position. Carefully connect the three crocodile clips to the relevant 
leads of the transistor under test. If the transistor under test is good it will produce a whistling 
sound from the loudspeaker of the tester. An open (not conducting ) transistor will not 
produce any sound. A shorted transistor will produce a loud ‘ click’ when connected and no 
whistling sound. Disconnected such a transistor immediately to prevent the battery from 
discharging. 

The tester works well with almost all such transistors as AF115, BF194, BC148, AC128, 
ADI49 and 2N3055. The tester current never exceeds 3.5 mA with a goqdJrans^istor. Hence 
any transistor may safely be tested with this devi ■ s’ 



Transformer XI is the push - pull output transformer used in germanium radio. A good 
quality 4 or 8 ohm, 6,2 cm to 7,5 cm loudspeaker will produce sufficient sound. Cl and C2 
are disc type ceramic capacitors. R1 is of 0.25 watt rating. Two penlight cells fitted in PVC 
holder are used to power the tester. As the test current is very low, the battery may last for 
more than a year. 

The tester may be assembled on a small piece of veroboard and fitted into a small wooden or 
plastic box. 


By: P. VENKATARATNAM 
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5. LED Semiconductor Tester 


Fig 1 shows an LED circuit that can test diodes and transistors either in or out of circuit. 
It can also be used for determining the type of a transistor, i.e. whether pnp or npn. The 
circuit comprises a 3 V transformer connected in series with a parallel combination of two 
LEDs and two registers. A pair’off shells of bail-point pens can be used for making 
probes with an LED mounted on each of them. If the two probe tips are shorted both the 
LEDs will glow. 

To test a diode, touch the probe tips across the diode to be tested.(Fig2). If the diode is 
good, LED in the probe on the anode side will glow and the other will not, If the diode is 
short, both the LEDs will glow. If the diode is open, none of the LEDs will glow. 



Fig.l 



A transistor can be considered as two diodes connected back to back, for checking 
purpose, The above mentioned method can therefore be used for checking transistor 
unctions also. To find the class of transistor, apply one probe to the base and the other 
either to the collector or emitter. If the base LED glows, the transistor is npn, but if the 
other LED glows, it is an pnp transistor. 

The LED currents are low and will not damage the devices under test. 

ByM.A. PREM KUMAR 



(). Diode Tester 


Using this easy- to - operate tester, low current diodes and transistors can be tested, The 
maximum current that follows through the diode under test is 100 microamperes, 

XI is any mains step-down transformer capable of providing 50 mA (or more) current at 
9 volts, 

Connect the diode to be tested to terminals A and B, Both the LEDs will lighl up if the 
diode is shotted inside, and none if it is open. In both the cases, the diode is useless. The 
diode ierminal connected to A is the anode if L2 lights up and cathode if LI lights up. 



Rep.ssentation of transistors (npn and pnp) in terms of diodes is shown in Fig, 2, It will 
be m that transistors too can be tested by testing their diode junctions. This tester could 
be very useful in testing surplus diodes and transistors, 


ByJ,SREERUMAR 


Source:- EFY Circuit ideas 






Point to remember:- 


Data Communication:- 


1. Data communication is the transmission and reception of binary data between 
computers and other digital equipment 

2. The earliest form of electronic communications, the telegraph, was a type of 
data communications. 

3. Turning a carrier off and on in a code of dots and dashes is a kind of data 
communications known as continuous wave (CW). 

4. Teletype is a form of telegraph that uses the 5-bit Baudot code to transmit 
between typewriter like units, 

5. The most widely used binary data communication code is the 7- bit American 
Standard Code for information Interchange (ASCII) 

6. Another popular code is the 8 - bit Extended Binary Coded Decimal 
' Interchange Code (EBCDIC) used mainly in IBM system. 

7. The two main methods of data transmission are serial and parallel, In serial 
transmission each unit is transmitted sequentially. In parallel transmission, all 
bits are transmitted simultaneously. 

8. Serial transfers are slower than parallel transfers but require only a single line 
or channel. Parallel transfers are require multiple channel of lines called a bus. 

9. The speed of data transmission is designated in terms of bits per second 
(bits/s) or baud. 

10. Baud rate is the number of symbol changes per second, A symbol is an 
amplitude frequency, or phase change. 

11. The channel or bit rate capacity of a channel is directly proportional to the 
channel bandwidth and the time of transmission. 

12 ■, ^ P'^rsccondis 

equal to twice the channel bandwidth B when no noise is present (C=2B) 

13. When multiple levels or symbols are used to encode the data, the channel 
capacity C is greater for a given bandwidth B, or C = 2 log 2 ^ where N is the 
number of symbols used. 

14. The channel capacity C in bits per second is proportional to the channel 
bandwidth B and power S/N ratio, or C = B log 2 ( 1 +S/N) 

15. The bit rate is higher than the baud symbol rate if multiple- level symbol 
encoding is used. 



16. The two methods of data transmission are asynchronous and synchronous. In 
asynchronous transmission, data is sent one character at a time with start and 
stop bits. In synchronous transmission, data is sent as a continuous block of 
multiple characters framed with synchronization characters. 

17. Synchronous transmission'is faster than asynchronous transmission 

18. In data communication, a binary 1 is referred to as a mark and binary 0 as a 
space. 

19. Signal, whether voice, video, or binary, transmitted directly over a cable are 
known as baseband signals. 

20. Voice and video signal are analog but may be converted to digital for data 
communications transmission. 

21. Signals that involve a modulated carrier are called broadband signals. 

22. Communications of binary data signals over the telephone network, which is 
designed for analog signals, is made possible by using a modem. 

23. A modem is a modulator - demodulator unit that converts digital signal to 
analog and vice versa. 

24. The most commonly used modulation techniques in modems are frequency- 
shift keying (FSK), phase shift keying (PSK), and quadrature amplitude 
modulation (QAM). 

25. Frequency - shift keying uses two frequencies for binary 0 and 1 (1070 and 
1270 Hz or 2025 and 2225KHz. It operates at speed of 300 baud or less. 

26. Modems capable of transmitting at standard higher rates of 1200, 2400, 4800 
and 9600 bits’s use PSK and /or QAM. 

27. Binary PSK(BPSK) uses a carrier of 1600 or 1700 Hz where phase of 0® 
represents a binary 0 and a 180“ phase shift represents a binary 1, or vice 
versa. 

BinT^y' PSK is ven' by ‘ ;la. ; 

29. Binary PSK is demodulated by balanced modulator. 

30. The properly demodulate BPSK, the carrier at the demodulator must have 
exactly the same phase as the transmitting carrier. 

31. A special carrier recovery circuit in the receiver produces the correct phase 
carrier from the BPSK signal. 
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32. Different PSK eliminates the need for a special reference phase carrier by 
using a special coding technique where the phase of each bit is referred to the 
previous bit. 

33. Quadrature PSK uses four equally spaced phase shifts of the carrier to 
represent two bits(dbits). For example, 00 = 45", ol = 135", 11 = 225", 10 = 
315" 

34. In 8 - PSK, 3 bits are coded per phase change. In 16 -PSK, 4 bit are coded per 
phase change. Thus the bit rate is 3 Or 4 times the symbol rate change or baud 
rate. 

35. Quadrature amplitude modulation uses a combination of QPSK and two - 
level AM to code 3 bit combinations is represented by unique phase and 
amplitude signal. 

I 

36. A protocol is a rule or procedure that define how data is sent and receives. 

37. Protocol include “ handshaking” signals between the transmitter and receiver 
that include the status of each. 

38. The Xmodem protocol is widely used in personal computers. 

39. In Synchronous communication, a variety of special characters are sent before 
and after the block of data to ensure that the data is correctly received. 

40. Bit cnors that occur duiiiig transmission are caused primarily by noise. 

41. The ratio of the number of bit errors that occur for a given number of bits 
transmitted is known as bit error rate (BER). 

42. Error detection and correction schemes have been devised to reduce bit errors 
and increase data accuracy. 

43. One of the most widely used error detection scheme adds a parity bit to each 
character transmitted, making total number of binary Is transmitted odd or 
even. If a bit error occurs,, the parity bit derived at the receiver will differ from 
the one transmitted. 

44. Parity generator circuits are made up of multiple levels of exclusive OR 
(XOR) gates. 

45. Another name for parity is vertical redundancy check (VRC). 

46. The longitudinal redundancy check (LRC) is another way to test for errors. 
Corresponding bits in adjacent data words are exclusive - Ored to generate a 
block check character (BCC) that is appended to the transmitted block. 

.-47. If the VRC and LRC provide a coordinate system that will identify the exact 
location of a bit error so that it may be corrected. 
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48. A widely used error detection scheme is cyclical redundancy check (CRC) 
where the data block is divided by a constant to produce a quotient and 
remainder. The remainder is the CRC character, which is attached to the CRC 
computed at the receiver, 

49. A network is any interconnection of two or more stations that can 
communicate with one another. 

50. An example of a wide area network (WAN) is the telephone system. An 
example of a metropolitan area network (MAN) is a cable TV system. 

51. A local area network (LAN) is an interconnection of stations in a small area 
over short distances such as in an office building, or on a college campus. 

52. Local area networks were conceived to allow PC users to share expensive 
peripherals such as hard disks and printers but are now used to general 
communication and the sharing of software and data. 

53. The most common physical configuration or topologies of LAN are star, ring, 
and bus. 

54. The bus is the fastest. The ring is the least expensive but is disabled if one 
station fails. 

55. The star configuration is commonly used to connect many terminals and PCs 
to a larger mainirame or minicomputer. 

56. The three most commonly used transmission media in networks are twisted 
pair, coax, and fiber optic cable. 

57. Twisted pair is inexpensive and easy to work with and widely used for short 
distance, low speed LANs. It is not shielded, so it is susceptible to noise. 

58. Coax is the most widely used medium because of its high speed capability and 
its shielding against noise. 

59. Fiber optics cable is growing in usage as its price declines. It has the highest 
speed capability of any medium, 

60. Local area networks use both baseman and broadband refers to transmitting 
the information signal directly on the medium, 

61. Broadband refers to using modulation techniques to transmit the data on 
carriers that can be assigned specific channels over a wide frequency range on 
a common medium. 

62. Broadband systems require the use of modems at each node. 
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Fiber Optics - 

Communication Concepts to be remember 


1. The information carrying of a cable or radio channel is directly proportional 
to its bandwidth, > 

2. The RE spectrum is heavily used and occupied. Only in the microwave 
region is there room for expansion. 

3. Light is an electromagnetic signal like a radio wave but is much higher in 
frequency. It can be used as a carrier for information signals. 

i 

4. Because of the very high frequency of light compared to typical information 
signals, tremendous bandwidth is easily available. 

5. Light waves carrying data signals can be transmitted in free space but are 
greatly attenuated by atmospheric effects and require pinpoint alignment. 

6. Most light wave communication is by way of a glass or plastic fiber cable 
that acts as a “light pipe” to carry light modulated by information signals. 

7. The main components of a light wave communications system are an A/D 
converter, a light source transmitter, a fiber optic cable, a photo or light 
detector with amplifier and shaper, and a D/A converter. 

b. because oi the great attenuation of light in fiber optic cable, repeater units 
are used to amplify the regenerate the signals over long distance. 

9. The primary application of fiber optic communication is in long distance 
telephone systems. 

10. The primary advantages of fiber optic cables over conventional cables and 
radio are wider bandwidth, lower loss, light weight, small size, strength, 
security, interference immunity and safety. 

11. The main advantage of fiber optic cable is that its small size and brittleness 
make it more difficult to wor^ with. 

1\. 13 lii.c radio waves, a. r .i i«nd ot cleci.;'..;. .udiatioi;. 

13. Light waves occur at very high frequencies in the rang of 3 * lO" to 3 ♦ 
16^‘^Hz. 

14. Wavelength rather than frequency is used to express the place of light in the 
spectrum. 

15. The wavelength of light is expressed in terms of nanometers (Inm = 10® m) 
or micrometers of (1 pm = 10^ m). Micrometers are also called microns, 
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16. The visible light spectaim is from 700 nm (red) to 400 nm (violet). 

17. The optical spectrum is made up for visible light, infrared at lower 
frequencies and ultra violet at higher frequencies. 

18. Infrared rays cannot be seen, but they act like light waves and can be 
manipulated in similar ways as with a lens or mirrors. 

19. Light waves, like microwaves, travel in a straight line. 

20. The angle at which light strikes a surface is called the angle of incidence. 
The angle at which light is reflected from a surface is called the angle of 
reflection. The angle of incidence is equal to the angle of reflection. 

21. When a light ray passes from one medium to another, it is bent. This is 
called refraction. 

22. The amount of refraction is called the index of refraction n and is the ratio of 
the speed of light in air to the speed of light in another medium, such as 
water, glass, or plastic (n = 1 in air, n = 1.3 in water, n = 1.5 in glass). 

23. The angle of the incident light ray determines whether the ray will be 
reflected or refracted. 

24. The critical angle of incidence is made greater than the critical angle, 
reflection occurs instead of refraction. 

25. If the angle of incidence is made greater than the critical angle, reflection 
occurs instead of refraction. 

26. Light entering a fiber optic cable has an angle of incidence such that light is 
reflected or bounced off boundary between the fiber and external media. 
This is called total internal reflection. 

27. Fiber optic cables are made from glass and plastic. Glass has the lowest loss 
but is brittle. Plastic is cheaper and more flexible., but has high attenuation. 

28. A popular fiber optic cable with a glass core and plastic cladding is called 
plastic clad silica (PCS). 

.'.V 1, . ■ ■■ ■ ,>■ i ,. . ... , r., r . ■ .. , \ an 

• 1 

interface wiin conirolled index of leltaciion. 

30. step index means there is a sharp difference in the index of refraction 
between the core and cladding. 

31. Graded index means that the index of refraction of the core varies over its 
cross section, highest in the center and lowest at the edges. 

32. A single mode cable is very small in diameter and essentially provides only 
a single path fro light. 
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33. Multiple cores are large and provide multiple paths for the light, 

34. Multiple light paths through a step index core cause a light pulse to stretched 
and attenuated. This is called modal dispersion, and it limits the upper pulse 
repetition rate and thus the information bandwidth. 

35. Multiple light paths in a graded index core are controlled so that they 
converge at multiple points along the cable,. Modal dispersion does occur, 
but it is not as serve as that caused by step index core. 

36. Modal dispersion does not occur in single mode core. 

37. The three most widely used types of fiber optic cable are multimode step - 
index, single mode step index, and multimode graded index. 

38. The primary specification of fiber optic cable is attenuation, which is usually 
expressed as the loss in decibels per kilometer. 

39. Light loss in a fiber optic cable is caused by absorption, scattering and 
dispersion. 

40. Cable attenuation is directly proportional to its length. 

41. Cable losses range from 1 db / km in glass single mode step index cable to 
100 db / kb for plastic multimode step - index cable. 

42. Fiber optic cable.canbe spliced by gluing. 

43. Special connectors are used to connect cables tone another and to the 
equipment. 

44. Fiber optic systems use light emitting diodes (LEDs) and semiconductor 
lasers as the main light sources. 

45. Light emitting diodes are used in short distance, low speed systems, 
Injection laser diodes (ILDs) are used in long distance, high speed systems. 

46 T,EDs and ILDs emit light in the invisible near irfrarH range (0.82 to 
i.jo pm). 

47. A popular operating frequency is 1.3 pm because fiber optic cable has an 
attenuation null at this wavelength. 

48. Laser diodes emit monochromatic or single frequency light. The light waves 
are coherent, so they reinforce one another to create an intense and finely 
focused beam. 

i .. 

49. Intense laser light is produced by an ILD because reflecting surface in the 
structure from a cavity resonator for the light waves. 
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50. The most commonly used light sensor is a photodiode. 

51. A photodiode is an PN junction that is reverse based and exposed to light. 
Light increases the leakage current across the junction. This current is 
converted into a voltage pulse. 

52. PIN junction diodes are faster and more sensitive than conventional photo 
diodes. 

53. The fastest and most sensitive light detector is avalanche photodiode (APD). 

54. The APD operates with a high reverse bias so that when light is applied, 
breakdown occurs and produces a fast, high current pulse. 

55. The receiver portion of a fiber optic system is made up of a photodiode, 
amplifier, and shaper. 

56. Fiber optic systems are rated by speed and product of the bit rate and the 
distance. 

57. A measure of the quality of a fiber optic system is the maximum distance 
between repeaters 
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Section A 


Activities to be performed 

1. To study collision of two balls in two diminutions. 

2. To measure the resistance and impedance of an inductor with or without iron core, 

3. To measure resistance, voltage (AC / DC /, current (AC) and check continuity of a 
given circuit using multimeter. 

4. To assemble a household circuit comprising three bulbs, three (on / off) switches, a 
fuse and a power source. 

5. To assemble the components of a given electrical circuit. 

6. To assemble given resistors in a suitable combination to obtain a desired resistance 
and verify its value with a multimeter, 

7. To find current by measuring voltage across a given resistor, 

8. To draw the diagram of a given open circuit comprising at least a battery, resistor / 
rehostat, key, ammeter and voltmeter. Mark the components that are not connected in 
proper order and correct the circuit and also die circuit diagram. 

Section B 

Activities to be performed. 

1. To study effect of intensity of light (by varying distance of the source) on the LDR 

2. To identify a diode, an LED, a transistor, and IC, a register and capacitor from mixed 
collection of such items, 

3. Using of multimeter to 

a. Identify base of transistor. 



b, Distinguish between npn and pnp type transistor. 

c, Identify'terminal of an 1C 

d. See the unidirectional flow of current in case of a diode and an LED, 

e. Check whether a given electronic component (e.g. diode, transistor or 1C) is 
in working order, 

4. To observe polarization of light using two polariods or calcile crystals, 

5. To observe diffraction of light due to a thin slit between sharp edges or razor blades, 

6. To observe diffraction phenomena from a piece of nylon or China Silk piece and night 
^ lamp. 

7. Teaching some concepts using Toys available in the local market e.g. magic wheel, 

8. To identify the given resistor’s wattage and value from relative size of the resistor and 
colour code disk. 

9. To observe the diffraction and interference pattern on a blank Compact disk and CD 
loaded with the data 

10. To observe the interference & diffraction pattern due to a distant bulb through an 
Umbrella in a dark and raining season. 

11. To study the double refraction and polarization phenomena through Calcite crystal, 
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